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PREFACE

Fach vear. for the past four years, the Austrahan Science Education Research
Assoctation. has been uble to claim =3 it In 1970, the Association held its first
annual o cerence . m 1971 s fist pubiication appeared: in 1972, the proceedings of the
annual conterence appedred in a new formatc and. this year we had our first international
visitors who contizhated 1o our annual conterence 1t is probably significant, too. that
the annual meeting deaded to change the name o the present publication.

Science Edwcation - Rescarch 1973 represents another signiticant step forward
ta the Austrahan Science Education Research Association, Not only is the publication
a Targor one than the previous issues of Rescarcht 1971 and Rescarch 1972 indicating
an increase in rescarch actvity butl 1t contains reports covering a wider range of issues
m science education, and a special section dealing with research techniques. This last
mentioned section was included in the conference with the express objective 1o develop
our own undentandings of some techniques which can be of great assistance to the
scienee education researcher.

For convenience of presentation the papers have been groused under headings,
or themes. Although the responsibility for the groupings must again rest with the editor,
it did seem thut clusters fell. quite naturally. under the several headings. One of these was
the Analyses of Curnicula and the four papers related to this theme indicate 2 new area of
research activity for Australian science educationists.

Science Education : Research 1973, though still a modest publication, is ample
evidence of an increase in the number and quality of research projects in Australia. It
demonstrates too, that we have international interests and ties. If the nature and quality
of the papers contained in this publication are any guide, the future for science education
research in Australia, looks brighter, if more challenging, than ever before.

R. P. Tisher
University of Queensland
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NATIONAL AND INTERNATIONAL ISSUES
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A NATIONAL APPROACH TO SCIENCE
EDUCATION RESEARCH

Madeodm 2. 2osier

A ama s paper s to develop a famework wathm which 1 comsider edu-
cational research with parnicalar reference W saehce education im Aastalia. An examn-
At of Uns amework may onable us To dentity areas where more tesearch s mdicated.
Tins approach iy asant s 1o dssign prnnnes and o rationalise ow hmited resoure
and i lead 1o the developimient of cooperatine national projects

By advamee tmay Dy that 1t s not casy Tor me 1o distigunsh pecnbian chaacter-
s f saietine od oation sepatate Trom education genetally . We are constantly aware that
cdacaton v vapden matier s and the probiems and actviiey o saencee cducation are
eyl an e complesan

May b wn that the defimnon of an edacationad research worker implied
Sisenniiheseacead eee Tonchades oy one iy stansiicad provedaies to make some
wine il adicatiend data For evamiples ininctades people i 1 ducanon Departments
Ay g entobments, carnculum developens analy sing resubts gathered dunng tnal testing,

[N

1 auppose that, as part ot these mroductony remarks, Tshould also define edu-
canon . bat wall Lirgely abdicate this tash. Sutiice 1t 1o sy that education i converned
with hoth the cognimve and nenscogmine development of people. wall be hmiting my
commients 1o formal education m prmany and secondan schools, leaving the tertiary sector
tosolve ity own problenm.

The needs of students

Ideaided to develop a tramewaonk ton saience education 1 oseatch based on needs.
The basic needs are those of the students of scienee.

1regard it as salutary and non-invial to atfinm that teachers, schools, Education
Departments and even sawence education researchers do not exist or waork for their own
sahes. but i 4 service ole 1o telp o meet the fegitimate needs of the students. Thatis why
Jchouse toregard the needs of the students as basic to my framewoik.

Cunently . the man needs of the students are perceived to be cognitive. Politicians
recopnise Hhis since education systems are tunded to increase the knowledge (and employ-
ability ) ot the students. Parents recognise this they ask their chuldren "What did you leamn
today  not “What new attitude was meuleated in you today . Soraetimes, even the students
recognise that they are at school to learn!

Lwill therelore concentrate mainly on students cognitive needs, not forgetting
o that there are mteractions with many non-cognitive factors as well.
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The mam questions 1 pose, and attempt to anywer awe

"What dre the students’ cogmnive needs, especiatly in science™
*How are they bemng met at present?”’
"What research iy indicated o improve the situaton”

Lot oy assumie that students aceept that they are studying soience at school i order
to Jearn We thetefore assume that they thist ater science hnowledype and undenstandmg.
Then basie need s W have theas thira adequately quenched. They wisie wo have satistying
leatnmy expenences which are relevant to their intellectual development and o their life in
the larger socieiy bevond the school.

The need of students to know what they know

One need of the studenis s 1o know what they know. They need 1o develop a frame
of reterence tor then learming expenences. 11 they have been studysng a concept they need
to hnow the extent to which they have leamnt

They need 1o hnow what they know i both relative and absolute terms. In welative
Tenms we dare deahng with nomnanve evaduanion. The science student needs 1o know how he
compares with s colleagues, This as especially important where selection procedures exist
winch are based on achievement. for example. matriculation results as a hasis for entry to
tertiany studies, o school-awarded cernficates as 4 basis tor employment.

At this point I will not discuss the desirability of this competitive thrust in the school
and suaiely . but note that it exists and that one of the students perceived needs is to be
cquipped 1o play the game according to current rules.

Even in g cooperative atmosphere, such as individualized mathematics and reading
programs a1 pnmary school, some students still act competitively and often enjoy doing so.
Learniny theory ells us that mild anxiety facilitates learning.

Students need some normative evaluation. This indicates a need for some standardised
tests with normative data. 1 suggest that the range of achievemni tests in science, properly
constructed and normed tor Australia, could be increased. Mucl, of the construction could be
done at local levels, with perhaps national coordination to avoid unnecessary duplication of
etfort. 1t national norms are needed. this requires a national project.

Of mor2 importance than normative evaluation is meeting the student’s need to know
what he knows in absolute terms. This leads us to the idea of mastery learning. In essence
the learning theory behind the idea is that most siudents can learn most topics given adequate
imstruction and adequate time. These ideas are summarized in Block (1971) and expounded
in Bloom, Hastings and Madaus (1971).

The best simple statement | know about the value of mastery learning is implied by
the analogy between achievement and pregnancy given by Coffman (1969). and which |
paraphrase . achievement is a tangible product, the achiever has some choice in the activity,
the achiever has immediate knowledge of results, the evaluation 1s made by the achiever, and
rhe judgment is absolute not relative.
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The evaluation of mastery van be selt-admimistered amd vonrected, o1 teacher
sdmmisteied and cortected. ot g mvae of both iypes. The conresponding 1esearch need
i tor the Jevelopment of many curnculam umits and associated mustery sty based on
mastery fearming wdeas.

Al the same e there 1 3 need 1or masteny tess for use wathin current school
contents. These teats witl ustally have dagnostic and remedial aspects also.

1 think that it would be difficult to orgamse or direct thas reseasch nationally.
see T wonld evpect many spontancous eftforts, often from unexpected places. 1t s desir-
able that inturmanion about these units and testy, at che planning, development and pro-
Juotion stages. be widely disseninated. 1t would be valuable if the persons responsible for
the mformanion dissemination could also conduct a survey mto the nature of etfective intro-
Juc tion o these innuvative wdeas.

The need of stadents to know what they know, eapecially i the mastery sense, is
Al very gnportant tor then non-cognitive development. A student’s image of himselt or
herselt ds a person pell-esteem, selt-concept ) depends m part on achievement. “The research
findings reveal a lear. perhaps causal. relatiomsing between a student’s academic perform-
anve and progiess and both hes selbconcept and s mental health.” (Block. 1971, p.9s)
Gaven the complenaty of today s and tomorrow’s society, the school has an obhigation to make
as large o contiibunion as it can towards developing a positive self-image in students so that
they can cope adequately with these complenines.

The need of students to learn efficiently

The nent student need 1y te Jearn efficiently. Teaching is both an art and a science.
1 hesitate fo comment on the artistry of teaching. The science of teaching is a different
matter. Tsee it as a conelate of his professionudism that a teacher should be @ master of what
15 known zbout the science or technology of teaching. 1t is obvious that the effectiveness
of teaching 1s durectly related to the state of knowledge about the learning process and the
teacher’s effectiveness in applying it.” {Rowlands, 1967, p.15) Or simply: “Many science
teachers teach poorly because of their limited conception of how learning takes place.”
{Balson, 1973, p.5)

Learning theory is complex but there are certain general ideas for which there is
enough empurical evidence to regard the ideas as laws of learning.

On this matter a recent paper by Bloom (1972) is relevant. He says that many
educators complain that nothing is really known about the educative process and buoast about
their innocenve.

Bloom maintains that there have been advances in our understanding of education
and related phenomena. These new insights represent loss of innocence: *. . . the burden
of responsibility for appropriate actions and practices rests with the professionals in the
ficld vnce new ideas are adeguately communicated.” (Bloom, 1972, p.349)

Su my suggestions for research in this area focus on the need to implement effect-
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veld i the saence dassmoonn o Austraha what 1s alicady Anown o the saence o1 teach.
. AN I My previous section, 1 press tor the study of strategies ot change i attiudes,
hange in teacher behaviour, ete.

There are two aredas where 5 we that more mtormation 1s needed to help the
tadent o Jearn more etfiaentdy.

Wiathout washing to espouse any particular model, 3t seems obvious that the more
Ae hnow about fearnmg hierarchies, and the more actua) herarchies we mvestgate and
Sastrael within asaence topid, then the more eftivienty we can help students o learn
hie oMy,

This research fevel ends iselt 1o national coordmation hinked 1o a great deal of
el ety n parncudar, at the nanonal level key conceptual ideas and maodels could be
Aothed oat complete with literature surveys, etc. Basic research methodologies conld be
Teveloped at the national devel and publinhed ay in a rechmcal report handbook form,
Aich could he used by an afert science classroom teacher 1o prepare and test a hrerarchy in
1 lumited area of mierest

The other area tor work on learmng ettwency s ATl (aptitade-treatment mter-
wnon). The term i borrowed from Cronbach and Snow (1969). In other words, which
sreatments (teaching methods, ete.) are best for which students for which curmculim topics
wder whnch conditons. Under treatment Hinclude the range of audio-visual media also.

I think we need 1o tackle much more systematically the question of how 10 assist
the student 1o accomplish eftectively and satisfactorily the components of his curriculum.

1 have been upset for several years by the sight of thousands of teachers re-inventing
aheels, and the energy thus dissipated which could be spent more usefully. By this | mean
that a teacher often prepares his own set of notes. examples, tests, assignments, teaching
nds. et masolation from the efforts of his colleaguer in the same school and elsewhere.

1 am not advocating that the pendulum should swing the other way with all
teachers using standardised packages. Nor would 1 wish to restrict the professional respons-
sbility of the teacher to tailor his offerring to the perceived learning needs of his students.
But af a carefully prepared set of materials is shown to be effective in helping students to
fearn a given topic it seems that the onus lies with the teacher to demonstrate that the
students’ learning needs are met better by the teacher's idiosyncratic approach than by the
prepared curriculum materials.

If each science teacher iries to be "all thing to all men’ then his expertise will be
spread thinly. It seems to me that he would be better advised to concentrate his expertise
on @ particular topic. contribute the results to a “pool’, and draw freely on the rest of the
‘pool” for his other topic requirements. There are also important attitude changes for the
teacher associated with this ‘contributory openness’ as compared to *idiosyncratic self-
suttficiency .

Q Under this section | should include large scale curriculum materials development
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Mroects i as ASEP Olastiahan Suience Education Projpect) The work of ASEP vovers,
m 3 mere tormal way . the wdveas 1 have been stating about cooperative development of
Teanng materalsy

A thosoagh evaluation of ASEP s needed. it only as an accountability exercise.
Bewause Large sty of pubhic money huve been spentm Aastiaha on this imnovative
Jaohvily

Without definmy what could be covered by the evaluation of ASEP. 1t seems
mportant o conrdinate the activines nationally while encouraging local research studies.

The need of students 1o have their questions answered

Anather need of g science student 1 1o have s questions adequately answered by
Wiy waenee teachar

At one Teved s means that the science teacher must be competent in his own
Anowledge and undenstandmg of saence. Here s a research question: "How much compet-
enve mowence s enough for which stadents”

The student's questions may anse from within a formal curriculum. from within
a general studies mtormal problem-onentated curniculum, or from within a student’s out-
otschool expenence.

1135 4 need (or reasonable expectation) of the student that the teacher should be
able 1o answer such questions. The answer may be a direct factual answer. as if the student
had asked the nglt saientast or opened the night page in a book.

However the teacher is employed as a teacher not as an encyclopedia. The answer-
my of the question may be revated more 1o the managerial role of the teacher.

1 regard a science teacher primarily as a manager of learning experiences in science,
not as 4 scientist. 1 have not heard of any research in Australia on task analyses of science
teachers. Here is another set of research questions: *What types of tasks fill the science
teacher’s day (and the working part of his night?) What are the relative proportions of these
tasks? Which of these tasks are associated in which ways with effective and satisfactory
student fearning experiences”” *How should the teaching behaviour of the science teachers
be madified to 1mprove student learning?”

May 1 digress to explain what { mean by teacher behaviour modification, based on
a visit } made to an individualized mathematics instruction project in Pittsburgh (IPI:
Individually Prescribed Instruction). The teachers in the scheme were free to deal with the
problems of individual students while the rest of the class proceeded with their own work.
The researchers had noted that the teachers tended to spend several minutes with each en-
quiring individual. which meant that only a few students met the teacher each day. Asa
corollaty there were some timid students who hardly ever spoke with the teacher.

The researchers were in the process of training the teachers nor 1o spend much
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tme with each student. The teacher was being tramed 1o lead the student 1o the aent step
only. throwing the onus on the student o pick up the Raming Nom there. The wachers
were abw tramed to make some work-related contact with each student m the class each
penod.

Let me also mention some student behaviour madification trom the s me project!
Atter cach section the students did 3 test and ook it 1o the clencal assistant 1o be marked.
which ok some time. So the smarter students took tests prematurely . and s pied
them to marking. Of course the tests were returmed as unsatistactory, The re- st r-mark
re-test, re-mark] ete. cvele was a long one with plenty of rest periods for the s7a ents!

This briet comment on teacher-student contact provides an introduction to the
important field of teacherstudent interactions. The key research questions are: "What are
the relationships between personality and behaviour charactenstics of science teachers and
etfective student learning?” *How may teachers” behaviour be modified. either preservice or
mservice. to maximse the development of the desirable charactensnics and 10 eliminate
undesirable vnes?” The survey by Rosenshine (1971) s a valuable introducton 1o this area
of study.

I will turn 10 a particular aspect of teacher-student interaction. 1said earher that
anced of the science student 1, that the teacher should answer his questions.

You will be aware that questions may be asked on several levels. So far I have
dealt with questions taken at face value. The student thirsts for knowledge and the teacher
meets the need.

Often a question has a deeper meaning. The words of a question of a primary
student may say: ‘Why does electricity turn a motor?” The real question beyond the words
may ask: “Are there strange forces which really run this world?” Or it may ask: “Are you
a matuse person with whom |, as a growing person, can establish a meaningful relationship
that will help me to grow up and understand this compiex world”

A young adolescent may ask: ‘What are the effects of smoking cigarettes?” The
latent question may ask: ‘How do I make decisions about my life-style which are both
rational and satisfying?’

The science teacher has two responsibilities with respect to these questions. First-
ly he has a responsibility as a teacher to be sensitive enough to his studer. .« to hear the
real question, which may be the latent one. Secondly he has a responsibility as a teacher
to attempt an answer. As I said earlier, one of the legitimate needs of the s:udents is to
obtain answers to their questions.

To my mind this area of teacher sensitivity is very imporiant. Research in the
area will also require great sensitivity. The research questions are: ‘How can we identify,
categorise and measure teacher-student sensitivity situations?” ‘How can we select
reachers with the ability to deal adequately with these situations? *‘How can we modify
the behaviour of all teachers to ensure that they have 4 minimum level of adequacy in
sensitivity situations?” *‘What is meant by dealing adequately with a sensitivity situation?’
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The need of students for career guidance

1 will briefly comment on another area of student needs.

Students express their need 1o obtaimn a “good job’ at the end of their schooling.
They and their parents expect un appropnate certiticate when the students leave school.
This 1s vne of then needs.

Unfortunately theie is often dissonanvce between student, parent and teacher
attitudes on this tuture career aspect of the work of the school.

At ACER 1am working on a follow-up study. in which we collected information
m 1972 from the 15-year-olds who were members of our 1970 sample of 14-year-olds
(Pupulation 1.

The students were asked how important it was to their teachers, their parents
and themselves that they got good results in tests and exams.

The data trom our pilot study indicate considerable dissonance.

Table 1 Importance of good results in tests and exams

Not at all Slightly Fairly Very
important important important important
“ % % %
To your teachers 19 26 36 19
To your parents 1 ! 22 76
To yourself | 1 12 86

{Number of students = 194)

A similar question inquired into the press upon students to make career
decisions.

Table 2 importance of deciding future occupation by

the end of the year
Not Slight Fair Very
To your teachers 47 29 14 10
To your parents 11 11 31 47
To yourself 11 5 22 62

{Number «{ students = 190)

For further insight into this need. let us recognise the changing nature of the
secondary school population. The retentivity has increased markedly. Students now see
secondary education as a right. Only a few decades ago it was a privilege. The incr -sing
Q number of secondary and tertiary students leads to the idea of the "mass elite’ (Bowiuan,
- 1970).
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Dwall quanuty the changmg etentinvay, prctase by supplying some data we
collected an part of the TFA Saience Project. Tdetine retentiniy as the propotiion of the
Age vohart who are at sevondany school,

Table 3 Retentivity of Australian students i1 1950, 1960, 1970

NSW Vi QI SA WA Tas Aus

ISacarolds 1950 37 33 AL 34 3 U 335
19600 3 o0 A 62 s2 71 37

1970 N No E2| 84 71 83 Rl

loavear-olds 1950 13 16 13 14 18 17 1o
1960 20 32 29 34 20 0 29

1970 N o2 36 57 30 43 51

I7ovear-olds 1950 6 6 5 ) N 7 o
1960 v 2 13 1 13 11 11

1970 3l a3 18 25 18 20 28

Source: 1TEA Age-grade tables meorporanng various estimates.

1t 1s an important research problem that we investigate how t: change the
atutudes and behaviour of all the parties in the ¢ducational enterprise  teachers. students
and parents  in a way that rationalises their expectations and avoids the dissonance which
currenty mterferes with the effectiveness of the enterprise.

You will notice in my last fow statements | have consciously advocated changing
teacher behaviour. | believe this to be consistent with my eatlier statements that there is
a science or technology of teaching, albeit immature, of which the protessional science
teacher is obliged to be a master.

This leads me to comment that those with a responsitélity help train teachers,
that is. o change teacher behaviour. also have a responsibility to carry out follow-up
analyses of their trainees. This research procedure will be informal for most teacher edu-
cators, and will become an important research exercise for some. The nett resuit will be
the development of feedback-type models where training techniques, etc. are modified as a
result of ohserving the behaviour of the trainees.

Up until now 1 have mainly dealt with achievement, and also mentioned various
non-cognitive fearning outcomes. It may be possible to deal with aspects such as sensitivity
or self-esteem as isolated factors, for example, in preparing measuring instruments. It is
not possible to identity useful relationships at this simple level.

As | keep saying, education is very complex, and valid simple relationships do not
occur. Most studies of factors effecting achievement will be complex, and this implies
careful samples and multivariate analyses. The recent book by Keeves {1972) provides
an example of the statistical treatment of the kind of complex educational relationships
1 am talking about.
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The needs of science teachens

You will recall thar 1 deaided to adopt a framework of needs identity possible
saience educanon esearch activities.

Lot me tumn, m Joss detail than for student needs, to the needs of science teachers.

As shown by Austiahan resalts from the TEA Science Project, most science teachers
Yeel the need tor 1efiesher courses 1w saienee. {Rosier, 1973)

They ieel the need both for courses in science itselt and in science teaching methods.
There ate wdications that they could show more mitiative and exert more ettort themselves
on then protessional development.

1 would like 1o see some research on stiategies to inspire teachers to improve their
protessional competence. 13 1t a misture of certification carrot and salary stick? it so,
what 1s the teaipe”’

One approach | have seen is that developed by the US National Science Teachers
Aswoctation (1970) They prepared ASIST  Anwaal self-inventory for science teachers.
This m turn followed from work in setting up a statement: Conditions for good science
reaching in secondary schools. (NSTA, 1970)

Members of NSTA wishing to participate in the exercise complete their ASIST
form. Each respondent’s data is incorporated into summary data. The respondent receives
a copy of his own results and the summary results. He can compare himself against his
peers. and presumably act on areas where his behaviour is different from the behaviour of
many coileagues.

A similar idea is being developed for dentists (Educational Testing Service, 1973).

Each participating dentist subscribes (for a $40 annual fee) to a series of self-
admimstered exams at 3-month intervals. Test results are confidential, and are sent only to
the individual dentist. He also receives summary information to indicate his standing
relative to his peers.

Teachers express a need for good conditions. These conditions are not all needed
to an cqual extent. The key conditions are those needed for effective student learning.
There are other conditions which are necessary (or desirable?) for teacher morale. As with
poverty, I suspect that d-finitions of adequacy are relative, but there is need for careful
research to establish a statement about adequate conditions for science teaching to replace
arbitrary political-type statements of class size. room size. number of teaching periods, etc.

-

The needs of the system overall

I have defined the final set of needs as system needs. By system | refer mainly to
a national or state system of schools, but some comments apply to the individual schoot
as a system.
ERI
CRIC
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When Faay the system has necds Tam really saving that the poliicians who supply
the tunds tor educanon have certam neads which must be me1 11 they aie o vbtam and
distnibute tunds ettecnvely. Their basic need 1s to know how etfectinels the money they
provade s bemng used o purchase etficient leaming expenences o the students i the
Ssten.

One approach 1s 1o count the number of teachers and students, and say that
because there ate X teachers contronting Y students dady . theretore learning must be
occuTing.

A more empincal approach i 1o measute the extent to which the aims of the
syatem are met. This s difticult since Austrabian education sy stems do not articulate then
aims. 1t the basic aumn s student achievement, as {inferred at the bepmnmg ot my paper.
the sy stem should be evalaated on the basis of the achievement of the students.

The achievement measured should net be an “absolute” achievement but one 7
adjiusted tor charactenstios of the students in the sy stem, eypecially home background
charactenstios.

Syatem evatuation requires large saale studies, although there are dangess such as
those pointed out by Ordans (197230 He states that other researchers can challenge the
findings of a small study by replicating 1. A large study cannot be replicated: the data
are umque. and can only be challenged on the basis of internal weaknesses which are not
o1 cannot be concealed.

One farge scale system evaluation study is NAEP (Nattonal Assessment of
Educanonal Progress).

The NAEP saience project started by preparing a set of aims in science for V-
vear-olds, 13-vear-olds, 17-vear-olds and yvoung adults. (National Assessment of Education-
al Progress, 1909). They then prepared “exercises” (that is. items) 1o tes® these aims.

The only scoses presented are the percentages of students correctly answering
excreises. The exercise scores are not combined into test scores as we know them.

Their first results, now published (National Assessment of Educational Progress.
1970) show the percentages ot students achieving mastery of various objectives. Sub-groups
are alvo investhigated  tor example, divided by sex, race and geographicai location.

NAEP is a type of large scale mastery learning evaluation at the system sevel.
If the NAEP results are regarded as norms, an individual group such as a school
board can test its own students against the NAEP norms to evaluate its cognitive perform-

ance as an educational sysiem.

Should Australia carry out a national evaluation of science education based on the
NALP model?
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The othiet 1y pe ot syatem evaluation fucusses mote on the reasons tor achieve-
ment. This s the naditon of the Coleman Report {Coleman and others, 1966) the
Plonden Repuort tCential Advisory Council for Education, 1967) and the 1EA Mathematics
and Svienve Reports tHsen, 1967; Comber and Keeves, 1973).

These larpe scale studies ofter the vpportunity for analyses between schools as
well ay between students, as demonstiated in Rosier {197 3).

These studies of a 1 pe which | describe as “achievement and its correlates’ studies
abw lend themselves to a normative use.

Amv sehool would be able to administer the test instruments 1o a sample of
students. teachers and parents in its own school. Its results could then be compared with
national or regronal norms. The school could compare its achievement with other schools
in absodute terms. Preferably it would compare adjusted achievement scores; that is,
achievement scores adjusted for various student, teacher and parent characteristics.

Since the analyses are complex. any self-auditing school would have to send its
test and questionnaire data w the “project headquarters’ for processing, and return to the

schuool.

This means that the project headquarters would be able to continually update and
expand its data base.

Another “spin-off” advantage is that it would be possible to identify deviant schools
schools whose adjusted achievement scores are rather higher or lower than expected. A
special research study of these schools could produce very useful findings.

Large studies can also offer “piggy-back’ facilities. An isolated researcher can add
his question or test to the main testing program. He does not have to worry about the
organisation of sampling or data processing, and yet he will have access to all the other test
and questionnaire data collected by the main survey to link with his own questions.

It is very difficult to estimate levels of national achievement from a single survey.
Repeat surveys. or the “rolling” survey 1 have just mentioned, are necessary (o gauge
whether national achievement levels have changed or are changing.

Related to repeat surveys are longitudinal surveys, in which the same students are
followed for several years. A classical example is given in Husén and Boalt (1967) where
students were first tested in 1938 and were subsequently contacted and retested on various
occasions.

The advantage of a longitudinal study is that j.ersons can be studied over time to
trace their cognitive and non-cognitive development. and their career paths.

This is an attractive idea for a national science education research project since
many aspects of science education could be tested and their consequences investigated and
Q ~valuated over a longer term than is usually possible.
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Couclusion

In conclusion may Tsummanse. There are certain Lurge scale saience education
research projects which require a team o researchers. The size of the team will be
selativedy large by previous Australian educational research standards. These studies of
the national science achievement evaluation 1y pe requne spectal expertise in samplhing and
data hamdhng.

On the other hand there are many science education research acuvites which
lend themselves to cecentralised data collection and analyses. The great need at the
aanonal level s tor coordimanion. This coordimation may involve more than simply
swapping informanton about projects planned. under way or completed.

In many cases the coordinating person or centie will be responsible tor con-
ceptualising the problems so that 3 usetul framework can be developed withm which
MOMion anster can vperate eflectively.

I would hke the coordinator to take the coordination function further and
prepare handbooks to asssist the cooperating researchers. 1 assume the person or centre
would be adequately funded both 1o devote time to these activities. and also to make
t1eld visits to discuss local activities with the cooperating researchers.

And 1 suppose this leads (o a coordinator of coordinators of science education
resedarch activities, so thar all interested persons can be kept well informed.

I realise, at the end of my paper. that | have not mentioned priorities except to
maintain that student needs should be vur central concern.

Any list we prepare will change over time. 1 will leave it to the Australian Science
Education Rescarch Association to start to prepare iis list of priorities.
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THE INTERDISCIPLINARY APPROACHES TO CHEMISTRY {1AC)
PROGRAM AND RELATED RESEARCH

Murjorie Gardner

The stage has been set nicely Tor my presentation by carlier presentations which
point out in their content analysis of CHEM Study that it represented a strong pendulum
swing 10 the research-based theoretical and quantative sides of chemistry and away from the
application side that had become so prominent in the two decades from 1940 10 1960. Now,
carly in the 1970's. chenustry teachers in the United States have recognized that while CHEM
Study represents an important advance n chemical education, it was designed for the
limited number of students who clearly have science or engineering career goals in mind.

The much larger audience of students who need and want to study chemistry for general
educanion purposes are not satisfied by CHEM Study with their chief complaint being that
1 18 ot relevant to thew interests and needs. Enrolments in high school cheniistry are
declining. Student and teacher alike seem to be searching for an alternative pregramme that
will appeal to the large student population interested in studying chemistry tor scientific
literacy purposes.

The 1.A C. Instructional Materials

Hence. the advent of 1AC. the Interdisciphinary approaches to Chemistry programme
developed by high school teachers and chemistry protfessors who have worked closely
together at the University of Maryland®. The IAC programme presently consists of a series
of seven interchangeable instructional modules: Reactions and Reason, an Introductory
Module: Form and Function, an Organic Chemistry module: Diversity and Periodicity, an
Inorganic Chemistry module: The Delicare Balance, an environmental Chemistry module;
The Heart of Maiter, s nuclcar Chemistry module: Communities of Molecules, a physical
Chemistry module: and Moieci-les in Living Systems, a biochemistry module. Four additional
modules on consumer chemistr *. geochemistry, chemical calculations, and the chemical
cycles of the earth are under development. An extensive lavoratory programme of mini-
experiments and experiments have been integrated directly into the student modules.

Detailed teacher’s guides for ach module have been designed as a means of in-
service education for classroom teachers. These include teaching strategies, help with
laboratory and classroom management, a guide to self pacing and independent study, state-
ments of major concepts and performance objectives (knowledge, skill and attitude) and
evaluation items keyed to the objectives. In addition a pre-test and post-test that attempt
to measure change in the cognitive, psychomotor and affective domains plus dual tests
{knowledge and skill) for each module have been constructed.

Instructional Characteristics

Field tested. in experimental editions for two years prior to publication,? these

1. For turther information: 2. Harpsr and Row, Publishers, Inc.,
1AC Dirsctor, 2500 Crawiford Avenue,
Chamistry Department Evenston, illinols, U.8. A.

University of Maryiand,
College Park. MO, U.S. A, 20742.
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muodules were Jesigned to comvey the tollowing imstiuctional charactensies. an intes-
disciphinary nature. relevancy. flenibility . vonvept and drocess emphasis, student-centied
orlentation, an informality of sivle and fun. J1was the mient of the 1AC wam o wenan
iy arricolum decisions w the local school svstem and the classroonm weacher. Such
Jecwions inclede. (1) which modules 1o teach, (29 m what order, and (3) whethen i
vomentional classroom group or w aselt-paced o1 mdepeadent study made.

Teaching The 1AC Programme

The introductory module takes the longest to teach {approximately eight weeks).
with others requinmg approximately siv weeks i the maddle of the school year and cutting
bach 1o tour weeks near the end of the vear regardiess of selection of madules. In addition
1o the common use ot four to M\ of the modules to comprise an 1 1th grade year-long
chemustry course, the 1AC modules are Ninding many other niches i the curmculum. In
some cases they are arranged to form a semester course or minicourse of six to nine weeks
duration. In othens, they are used to ennch o CHEMS course or a biology. physies, or
carth science programme 11 the secondary schools. Other schools, especially those mterested
i moving toward the teaching of integrated science. are proposing to use the intioductory
and environmental madules i the 9th yrade. organic and biochemistry in 10thinorganic
and physical i the T and the nuclear module m the 12th grade. These wall be supple-
mented wath mstructional matenals from hiology, phvsics and the carth saiences to torm the
touryear secondary school programme. Commumty colleges 1ind the 1AC modules 10 be
attractive for thewr chemistry programme tor non-science students. Part of the excitement
ot ITAC Chenustry iy its adaptivity and. tor the developers,watchingit tind as place in the
swrence curncuium.

It we are correct 1 some of vur basic hypotheses about science teaching and learn-
ing, 1AC Chemistry may well be an important new direction in science education. One of
these is that a structured scope and sequence programme (the conventional textbook) is no
muore effective in the learning of science than a range of interchangeable content modules.
Another is that studenis will learn better and retain useful knowledge. skills and attitudes
longer if they enjoy what they are doing. don’t feel 100 threatened. and see relevancy to
themiselves and the everyday world around them. Third, that it is just as important to teach
chemistry tor culturai reasons, for scientific literacy. as tor career preparation. We believe
that this broad, general, interdisciplinary approach to chemistry is an adequate preparation
tor the more specialized studies a student will encounter if they continue into university
education and a far better preparation for the understandings of science and technology that
they will need to live in and cope with this complex culture of the 1970's.

Field Testing and Feedback Systems

Now, if a curriculum development group sets the goals outlined earlier in this
paper. they must be prepared to evaluate their efforts and to encourage others to evaluate
it as well. Formative evaluation must be a hallmark of any new curriculum project.
Summuative evaluation needs to be carefully designed as well.

After defining the purpose {to popularize the teaching of Chemistry) and the
instructional characteristics of IAC Chemistry (cited earlier), the development of instruct-
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yonal matenas hegan 1 ollowing peneral agreement on the content, the experiments and
nuni-e \peinents were developed and tested beture the narrative text was writlen to ensure
astudent-centie programme. The feedback system went into operation immediately as the
eapeients were 1un dmd vintieised by an im-service class of about thirty experienced
secondany schonl teachiens who met weekly i the eveming at the University of Maiyland.

Dunng the nent suminet (1971), chenustiy piofessars teamed with high school
teachers 1o test-teach then modules to students enrofled in summer school classes in nearby
secondary schools. Now. durect student feedback was combined withi teacher response 1o
revise the student modales  Dunng the summer also, the teacher’s guides were brought into
fiist dratt o1 with chisstoom teachets taking the 1ead in development. During the 1971-

72 whool year. the revised expermental edinons of the modules were test taught in twenty
schools. These schuols, tepresenting a range of urban, suburban and rural schools, were
Jocated near the univerny ~o that teachers could meet with the JAC authes cam on Thursday
avenmes in feedhack sessions, Each test teacher taught two or three TAC classes while the
remamder of bis her sehedule was CHEM Study o1 a conventional chemnstry programme.

Subjectivel assessed. a high level of enthustasm for JAC Chemistry was apparent
1 students and tweadhers. The all-amportant student grapevine began to operate in the schools
and Jhemny enrohoaents incieased tor the subsegquent yen in pineteen of the twenty
schooly, 1 some cases dramarneally.

Admitied]y . some of this must be ascitbed to the novelty effect. All of the students
under the direction of 1est teachers. JAC and non-1AC, were given the NSTA-ACS High
School Examination. Surpnsingly . the {AC students, even though they had experienced a
broader. more interdiserplinary . less quantitatively and theoretically rigorous study of
chemniny  had o good grasp of the important facts and principles of chemistry as measured
by this national exammanon. Statistically there was no difference in performance on the
NSTA-ACS test by 1AC and non-1AC students. Since the sample was modest (twenty teachers
and approximately 2.000 students), the reachers were atypical (all known as above-average
Jassroom teachers with a commuttment to 1AC) and the sample geographically parochial
in location. the results of this first content assessment could only be considered as an in-
dicator that 1AC students were not being seriously short-changed with respect to their know-
ledge of chemistry.

Related Research

The increasing enrolments were evidence of an important attitude change and the
knowledge performance was comforting. but it was considered necessary to try to construct
instruments that could more precisely meisure changes in attitude. laboratory skills, know-
ledge and the adaptability o self-pacing that we claimed. This led to a very important
devision in curriculum developmernit ‘it a series of research studies should be designed and
based on 1AC Chemistry from its earliest stages.

Four rescarch studies were immediately identified. Additional studies are being
initiated now. The original four were designed by four advanced doctoral students working
under the direction of the IAC project director (Marjorie Gardner) the Director of the
Bureau of Educational Rescarch (James Raths) and the Chairman of the Department of
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Measurement and Statistios idohn Gibbiette). Members of the Chienasuy Depasitment
taculty and the Sowence Teaching Center Taculty also senved on theae reseanch comnittees.
Iwo ot the studies have been reposted and the other two aie sullin progiess. The tow
ulude research on student attudes ¢Henny Hakhinen), student Laboratiny skalis e Robert
Heade ) student knowdedge of tact and coneept tHany Gemberhng) and 1actons miluenang
student success i independent study ( Amado Sandoval)s The fust tw o stidies hne been
wieported and will be summanzed here.

Attitude Study

HewhRmen s study assessed the relaine anfluence of TAU and sonJAC programmes
on the messured attaades of hngh school chemintny students. The study s durposes were
1 e develop an canihy adminntered and seored atttude-tow ardstadving-cheimntiy scale.
the twenty -atem Likert seale. Student Opiton Suney m Chenustiy (SOSC): (20 to compare
AU Wtk comventiongl chenmisty: courses 1o thenr Gapaainy 1o difterennally attect student
attnndes tomgnd studvime chenmntny L oand C3) o imestigate speaihic student vanables which
might account for the range of student attitudes observed atter ayea s expenence i ingh
~haoal Chenminsdn

Pearan correlation covitiaents and vy o vananee and covanance ivchnigues
costed By potheses telated 1o posable teatment GAC v non-JAT) and sex tmale-temle)
mitluences on student atntudes oy measured m Seprember. Januan and Apnl. Stepwie
reriession reched the abiliny of selected stident vanables, either singly on jomthy - tareduce
fieoameunt of unezphuned vananee among end-yedt SOSC aintudes,

unal atttades of gy were sipmiticantly less Tavourable towad the studying ot
chemisty than were the attitudes of bovs, No treatment o sex differences wee found among
either maid-year or end-year SOSC arnitudes, when imnial attitudes were held constant. how-
ever. Guls i both types of courses achieved sigmticantly higher TOUS scores than boys,
although no TOUS ditterence was atinbutable to treatment,

From 4777 HAC males) to 75877 (non-1AC males) of end-year SOSC attitude variance
could be explained by the varsables studied. Probability of taking more chemistry, enjoy-
ment of previous science courses, initial attitude and expected grade acted jointly 1o account
Tor maost of the end-ot-course attitude varnance,

Although all sub-groups expressed tavourable end-year attitudes toward the study
of chemistny . modest declines in the degree of tavourability were noted for both treatment
and se groups during the school yeur.

Laboratory Skills Study

Hearle's study was directed toward measuring attainment of laboratory skills, a
hadly neglected area of evaluation in the teaching of chemistry. The study's purposes were:
{1) 1 wWenuty skills that are expected learnings from high school laboratory experiments
regardless of course: (2) 1o develop means of assessing both the cognitive and manipulative
shalls learned primacly through laboratory hased experience: (3) 1o translate this into a
multiple choice instrument that could be used nationally to compare performance in the
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VRl arcas, and 443 1o compare 1M wath on-JAC students and boys with girls in their
acluervement of laboratory shalis,

Funt a gad of cogitive (e, observing, interpreting, predicting) skills and manip-
alative (e, weighing. ntratmg) shills common 1o the TAC, CHEM Study and Modem
Chemistry programmas was developed. A pre-test and post-test that incorporated iens
behieved 1o measure each of these shills was developed and 1evised 1o a satistactory level of
validity and rehabihity. A teachers guide of instrucidons for setung up the practical stations
was designed. The instruments were given pilot runs and tested for vahdity (by Jury
techngued, rehabihty and discrumination characteristics (statistical reatments) as well as
for logistie problems of prepastion, administration and sconng.

I ¥ opember at the opening of school the revised pre-test of laboratory skills was
given 1o about 1.500 1AC and non-JAC students studying under three types of chemistry
wachers. (1) all TAC classes; {2) combination of JAC and non-1AC classes: and (3) no
TAC ives. The results were analyzed for both treatment (JAC vs. non-1AC) and sex
ditterences {male vs. female). Pearson correlation coefticients and analysis of variance and
covanance techmyues were used.

The 1osults mdicated that there 1 no significant ditference in laboratory skills
related 1o sex. The girls scored as well as the boys. The JAC students” achievement in the
Juboratory skills test was sigmificantly higher than the non-1AC students. Correlations
between the Laboratory Skills Test and tests of conceptual and factual knowledge of
chemistry such as the NSTA-ACS High Schoo! Chemistry Test or the IAC-developed concept
and fact test were low enough to indicate that the Laboratory Skills Test was in fact measur-
ing & new dimension in a student’s chemical education. The students’ enihusiastic reception
of the Laboratory Skills Tests was a subjective indicator that they felt that their work in
the laboratory was finally being recognized and rewarded.

In addition to extending the two research studies already reported and compieting
the IAC study of students’ knowledge and the factors that are predictive of student response
to independent study , some other studies that need to be initiated can be cited. 1t's
possible that the Likest-type attitude instruments measure only the more superficial opinion-
type attitudes. How can the deeper attitude and science values of students be assessed? How
do attitudes of teachers correlate with student attitudes? What role does self-concept play
in either teacher or student independence in teaching and in learning? How can the essence,
mystic or spirit of innovation in curriculum be effectively transferred from developers to
teachers? These are only a few of the research areas that cry out for exploration.
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A DESCRIPTION OF THE DEVELOPMENT OF ASSESSMENT PROCEDURES
FOR THE SCHOOLS COUNCIL INTEGRATED SCIENCE PROJECT

William C. Hall

Introdu. tion

The Schools Council integrated Science Project is being developed in the UK for
13-10 year old pupils and leads to a double certification GCE 0 level. The first group of
students to participate in trials commenced during September, 1970, Evaluation, assess-
ment and measurement have played prominent parts in the preparing and ammending of
the scheme: this paper is restricted to a description of the development of procedures for
assessing objecuives achievement by pupils. Mudels used by the project are described in the
Handbook' " the soviety. science and technology mode! is influenced by Layton’s work'?;
and the model used for producing the Hst of aims has been described by Hall®. A brief
outline of some of the decision making involved 10 the project can also be read'®. The most
wmportant model for the present discussion is the learning model which was inspired by

{but 1s by no means identical to) the 1deas suggested by Gagné'™® . Figure 1 illustrates the
model.
recall ~ "
understanding
177 of concept :
recall . understanding
recall 7] 1~' of pattern
understanding l
" of concept
recall .
recall—— = problem-solving
understanding
of concept !
recall _____ | . understanding
recal ™ ] " ofpattem
understanding |
P of concept
recall ___ |

Figure I:  The SCISP Learning Model

The use of this model in teaching allows complete flexibility within a structured
learning framework. This is hest illustrated by stating that in the examinations, none of
the material in any of the pupils’ books is tested. These books show just one way of achiev-
ing the aims of the scheme. and so long as the 75 patterns with their associated concepts
are learnt. then the student should be able 1o deal with the cognitive part of the assessment.
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Figure 2 shiows the onganal fist of aies, and the ways these were revised after the
1971 assessment.

ORIGINAL AIMS (1971) REVISED AIMS {1972 owards)

1A To recall nd to understand that infor Skails
mation which would enabls them 10 take Pupis shouid be able 1o demonstrate ther
A lgvel courser in biology, physics, degree of competence in.

::::’;!::'hv ::::’h:‘:“;:;n'.n::;‘wqu:‘a. 1 {a) recaling and (b) understanding those

° oV 810 scianc concepts whith would enable tham 1o
or technolc,y, would enabdbile them to } ; : ; ;
read popular scientific reporting and pursue scignce (courses in physics, chemis-
a R porung try, biology or physical science) to a highe:

10 communicate inteligibly with pothers level or as a hobb

on scientific mattery, and wouid enable v.

them tO pursue scisnce 23 a hobby. 2 13) recalling and {b) understanding thoxy
parterns whach are of importance to the
sciantist.

2A  To understend the importance of 3 Making critical appraisal of available
patterns to the Screntist and 1o use intormation, from whatever source, as an
thoss pattarnsg in $0hving prob.emsy {both aid 1o the formulation or extraction of
ot a laboratory and of an every day pattarns.
tvpe. 4 using patterns and making critical appraisal

ot avariable information in order {a) t0
solve scisntific problems and (b) to make
raasoned judgments.

3. To have the ability 1o orgsnize ang to 5 organizing and formulating ideas in order
formuta*e ideas in order 1o communicate 10 comimunicate them to others.
to others, and as an #id 10 understanding,
critiei anelysis, stc.

3A  To understand tha relationship of 8 understanding the significance, inciuding
sciance tu technical, social and economic the limitstions, of science in relation to
deveiopment, snd to be appreciative of technical, social and sconomic developmant,
the limitations of science.

18 To be honest in reporting scientific work, 7 being accurste in the reporting of scientific

work,

ac To be able 10 use resources (s8.g. books, 8 designing end pesrforming simpte expaeri-
apparetus) 2t thair disposal. ments, in the laboratory and sisswhaera, to

solve specific problems and to show per-
ssversnce in these and other tesrning
activities.

Avti [

1C To work independentiy end as pert of a upils should:
group. 9 be willing to work (a) individually and (b}

as pert of 8 group

48 T o ba willing to make soma decisions on 10 {a) bs sceptical about suggested patiarns
the belence of probability. yvet (b) be willing to ssarch for and to test

for patrerns,

28 To be concerned for the spplication of 11 be concernsd for the spplicetion of
scientific knowledge for the good of scientific knowiedge within the community.
the community.

a8 Yo have an interest in science end technology
and be willing to pursus this interest to higher
lavals,

Q
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“Problem wlving” 1s seen 1o be the ultimate cognitive achieverent. Merrifield’s
appheation'® of the structure of mtellect model'”’ 1o Gagné's eight types of learning was
used 10 hy puthesize seven types of SCISP problem. These are listed. (The letters in
brackels weter to Guiltord factors.)

(a) Interpretation of photographs or stientific drawings.
{NSD)

{b) ~ Detection of “errors’ in experiments.
{CMT)

() Originality. or creative ability (for example, in devizing an experiment
to test an hypothesis, or in suggesting uses for a machine).
(DMT)

(d) Selecting from various pieces of equipment a particular one for a job.
{Although this can be problem solving, it is most likely that this
activity will be straighttorward recall.)

{NMT)

{(¢) Calculating the conszquences of given information (for example, given
present day trends, predicting future events).
{CM])

(f)  Giving the best interpretation to a series of facts or observations, when
a number of interpretations are possible.
{EMI)

{g) Giving the one and only interpretation to a series of facts or
observations.
(NM])

{Compared with Merrifield this has an additional factor, Nul, but does not include DFT.)

Tas 1971 Assessment
An attempt was made to answer eight questions as a result of the 1971 assessment:

1. Which aims should be assessed for GCE?

2. How should these aims be assessed?

3. What weightings should be given to the various aims?

4. What form should the GCE assessment take?

5. What will GCE double certification imply?

6. Is problem solving related to high scores in either verbal or non-verbal
reasoning?

7. Have pupils undergone any change in their ability to achieve aims during

their first year of SCISP?
.. Can different problem types be identified?




ASSESSMENT ' AIM (see Hgure 2)
PROCEDURE 1A1AL3A [44 (1B 128 |38 148 5B joB |10 {2C |3
AH4 intelligence test NN ; | 5
! 4 i
SCISP paper 1 A !
SCISF paper 2 v
S(‘ISP p;a;r 3 : v v v v
Teacher detailed assessment v " viv VARV, v v
}NFER pupil (v—p;nit)rl pu“ ; v ViV ViV
Pupil slf assessment | i v v v
Pu;i)'irlhn;teﬁrviews v v v
{Global teacher assessment VAR, VIVIVIVIVIVIVIVIVIY
7 factor test | v

o

A population of about YOO 14 year old students diawn from a wade varieyt of
sevondary schools in London, Birnvingham and N. {reland were taking part m SCISP mals
and these were the pupils who were assessed after then first year of SCISP. The matnix
shown in Figure 3 summarises the procedures used and the aims which they were supposed
o assess.

Figure 3: Summary of assessment procedures

The AH4 test measures verbal and spatidl ability'® . SCISP paper 1 contained 32
~nultiple choice items which tested recall and understanding of concepts and patterns, and
also pattern finding. The latter questions consisted of presenting students with data and
asking them to extract the pattern from the information given. {Sometimes there was no
pattern.) Paper 2 was the problem solving paper and consisted of all seven protlem types
in multiple choice and “essay” form. Paper 3 contained questions like the following.

Question

A new factory producing an important substance and requiring a large
number of unskilled people was being planned. Unfortunately, a waste
product of the factory which was emitted from a chimney had an
unpleasant smell. Which one of the following courses of action would
you suggest? (There is no one ‘correct’ answer.)

A do not build the factory
B build the factory well away from any town
C build the factory close to the workers
D  donot build the factory until the smell can be eliminated.
Explain your decision.
Suggest cou s of action other than A D which might be possible.



Puestton

Someone who has studied no science says to you 'l know that erergy
can be conveyed by a low o water, or of air, ur of electricity. What |
can’t understand 1s why electricity needs two wires, while water or air
needs only one pipe’,

Write several sentences explaining for him the similarities and differences
between water, air and electricity in conveying energy.

Question

A scientist says he observed that when liquid helium was poured down
the side of a beaker it ran along the bottom of the beaker, up the other
side. and vut on o the bench!

1 What would you expect to happen when liquid helium is poured
nto i beaker?
. 2 In whay way{s) does the explanation pattern for liquids not fit
in with the observation for helium?
3 Does this mean that the explanation pattern is no longer useful?
Explain your answer.

Teachers were given detatled notes for assessing pupils on a five point scale. (The
notes had been written after detailed meetings with teachers, and only after general agree-
ment had been reached.)

The pupil vpinion poll'®’ purports to test five factors: science interest, social
implications learning activities. science teachers, and school.

The detailed notes given to pupils enabled them to assess themselves on a five
point scale. For the interviews, a random selection of three separate groups, three pupils
were taken and interviewed. They were encouraged to bring exercise books with them.
These groups were chosen from each of eight English schools. For four of the schools
the process was repeated with a different judge in order to moderate the judges. When
When globally assessing, teachers were asked to give an overall percentage mark for the
groups of aims A, R and C for each student.

The seven factor test was devised on the basis of examples given by Guilford from
tests which are supposed to assess each of the problem types which had been identified.
In addition to these assessment procedures, teachers were also asked to weight the thirteen
aims according to their estimate of importance: to suggest other ways of assessing aims:
to state which aims they belicved could not be assessed (and why ). and to offer general
criticisms of the measnring instruments used.

The usual statistics were computed (means, s.d.. frequency distribution,
reliability. facility and discrimination indices) and. in addition, a 40 x 40 correlation
matrix to help determine the validity of instruments. The seven factor test and problem
solving paper were factor analysed (principal components analysis).

As a result of these analyses. and following feedback from teachers, the follow-




myg results were obtained:

a.  The correlations between ditferent levels of the leanmg hicrarchy were
not high (on average about 0.3).

b. There was also a low vorrelation {0 28) between problem solving and the
AH4 test.
¢.  Pupil self assessment generally had insigniticant (0.1°7 level) correlation

with other measures for the same aims.

d. Teacher assessment correlated well with other measures.

12

There were moderate (0.43) to tairly high (0.63) correlations between the
various factors ot the Pupil Opinion Poll.

{. A and C aims (knowledge and skills) correlated highly {0.74).

g The social implications factor of the Pupil Opinion Poll had low correlation
with other measures ot this aim.

There was a highly significant ditterence between the means of Papers 1 and 2 of
the pretest and post test populations.

The factor analysis was disappointing. The seven tactor test showed expected
results. but when combined with the problem solving paper 2. clear factors did not emerge.
Questions containing significant physics content were grouped together, and most of these
were numerical. There was no distinction between multiple choice and essay questions.
Questinns based on the same information provided in the stem had similar factor loadings.

As a consequence of these results, and following feedback from teachers, it was
decided to drop some of the aims, to refine others and to combine the knowledge and
skill aims (see figure 2). Cerrtain instruments were chosen for further investigation in 1972
and others were dropped (e.g. pupils self assessment and the Pupil Opinion Poll). The
weightings for the first GCE were also proposed and the 1972 assessment used these
specifications.

1972 Assessment

The same population was used for the 1972 studies.

There were seven aspects to the 1972 assessment of pupils’ achievement:

1. To refine the chosen measuring instruments following the 1971 assessment.

2. To decide how the GCE SCISP ' A’ pass and SCISP ‘B’ pass should be
composed. (“A’ and *B’ are the two separate certifications offered by
SCISP.)

3. Tocompare the distribution of *A” and *B’ passes.

4. To produce agreed nonms for the internal assessment of aims.
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To vompare SCISP and non-SCISP pupils of the same age.
6. To perform an item analysis of items which were not pretested.

7. Tocompare an objective problem solving paper with a short answer problem
sulving paper containing identical questions.

Five written papers {two multiple choice and three short answer or essay ) were
administered. In addition. an alternative form of the multiple choice problem solving paper
{Paper IV) was produced which contained identical questions to those on the multiple
choice paper but instead demanded short written answers.

Specifications agreed for the GCE 0 level examination were followed and these
are shown in figure 3. The aims correspond to the modified list given in figure 1.

AiM ASSESSED TOTAL
1. 23 4 5 6 7 8 9 10 "
) b 2 b a b a b
integrated Science A
Paper Racall concept 6
in Recall pattern 4
Understanding concept 0 60
Understanding patwe 16
Pattern finding 24
Paper Cognitive and
1 non-cognitive 4 B B 20
Integrated Science B o
{Paper Understanding concept] &
v Undarstanding pattern [ 31
Problem solving <}
Paper
A\ Problam-solving 12 4 4 4 24
Paspsr Cognitive and
1] non cognitive 1 4 4 12 4 25
Teacher assessment 8 4 4 4 4 4 4 8 40
Totsl weightings 202624 34 1224 204 8 4 4 4 4 4 8 200

Figure 4:  Specification for 1972 examination

Meetings were held with teachers and questionnaires completed by them to
develop a set of suggested norms for the internai assessment of aims. (Conventional
moderation was impossible: because of the large number of school eventually to be in-
volved visits by moderators was impracticable, and statistical moderation would have been
meaningless because teachers were generally assessing different aims from those evaluated
by writlen papers.)

The usual statistics were computed for all papers. To our surprise, nearly perfect
normal distributions were obtained for all papers except for the alternative paper IV.

Double and triple marking of essay papers showed remarkable consistancy and point
Q
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bisenial coetniaients tor the muluple choiee items were generally n the 0.3 10 0.4 1ange.
The vanunces were identical for the two types of problem solving papes and the difterences
between means highly significant. The correlation between the two papers was 045, On
analy skt was revealed that in the short answer version pupils were also achieving aims
other than “problem solving™ and were also baing marked on some of these ams, with the
result that the mean for this paper was appronimately one halt' that vor the muluple choice
version.

There was a correlation of 0.4 or less for the teachers” intemal assessment of aims
with aims assessed by written examination. thus indicating that teachers were assessing
different characteristics. The teachers were also asked to assess student achievement on the
written papets {betore the papers were attempted?) and the correlations between estimates
and actual pertomances were high (above 0.7). The intercosrelation of marks for the
various aims tested in figure 2 showed signiticant but not high values.

A caretully selected parallel population of non-SCISP pupils was compared with
SCISP pupils tor each level of the learning model. There were significant or highly
significant datferences between the means for the achievement of both populations.

A vompanson of the various ways of distributing the internal assessment compon-
ent between SCISP "A" and SCISP "B' {10 provide the double certification otfered by
Integrated Svience) showed that the internal assessment was best equally divided between
the two passes. 1t was decided to make SCISP "A’ consist of Papers 111 and I with internal
assessment, and SCISP "B’ consist of Papers 11, IV and V with internal assessment, thus pro-
viding a crude profile of student achievement in GCE O level.

On the basis of the research (albeit necessarily “messy ™ because of its applied
nature ) the first GCE examiration will be taken by pupil. this summer (1973). A report
on this examination will be available from the examining board which is administering the
examination for the Project on behalt of all GCE boards''®.
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PERCEPTIONS OF SCIENCE AND SCIENTISTS
BY 13-YEAR-OLD SECONDARY PUPILS

Donald Huchings

Introduction

Scrence faculties in universities i Australia, as in other countnes, are finding it
more dificult 1o recruit new students. How far this may be attributed to pussible shortage
of employ ment opporiumtes vr W other factors is 3 matiey of conjecture. In Britain,

11 has been postulated that an adverse mage of seientists may be vne Tactor which has con-
trbuted to the lack of populanty of scienee as 4 school subject (Danton, 1968).

The reseatch reported here foro. part of the imtial phase ot a longitudinal in-
vestigation bemyg carned out at Oxford Ui ersity Department of Educational Studies into
1he tactors miluencmy secondan school pujils in their choice of school subjects and
puossible careens

A questionnare on attitudes to science and scientists was developed in order to
obtam g profile of how these are seen by third-year secondary school children. Com-
pansons were made hetween boys and girls. seience and arts specialists, and vrientation of
father's vccupation ay measured on d scale of arts-science bias. The findings indicated that
the tradinonal stercotype of the scientist 1s changing in several important ways which may
e crucial 1o the chotce of science as a subject. and that pupils” understanding of the nature
of both the man and the job differs quite considerably along a number of dimensions be-
tween the various groups. The main hypothesis is that the concepts of science ana
scientists Torm an integra! part of the framework within which this subject choice process
OCCUrs.

Previous Research

The study attempts to differentiate between the scientist as a man and the nature
of his work .. and has investigated a more diverse number of groupings than has been the
case in earlier work (Hudson, 1966). The aim is to identify individual ditterences between
groups in their perception of the common myth of the scientist as an eccentric out of touch
with society at large which do not, of course, emerge when the sample is taken as a whole.
The “halo effect” (Hudson, 1968), for example, can be estimated only by comparing the
judgments of interested parties (i.e. those specialists viewing the mythical attributes of
their chusen specialism with a certain defensiveness) with those of the total sample of school
children.

Selmes (1969 ). reporting a study of attitudes to science and scientists made by
the Association of Science Education (ASE ), commented that, although comparatively
naive. the concern of a sample of 1213 year old school children was real and that *however
inadequate their knowledge of scientists and their work, they showed strong feelings about
what they believed scientists were doing in the world". The present rescarch has tended to

concentrate on the practical aspects of the job as well as the social implications of scien-
Q
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utic actvity. The cinldien proved 1o have very defimite ideas on these and on the hind of
person who becomes a saentist. How tar thay smage s changing. rataes than the extent to
which it corresponds toreality . may be the crucial factor as far as the subject chowe of the
wdivdual pupils 18 concerned.

The Experimental Procedure

2.000 third-year secondary school pupils, from 17 schovols in England and Wales
were asked 1o complete a questionnane on “science and scientists’. The results were
correlated wath other mformation already collected in the first main field work with this
sample. The tests for this phase included:

A9 group test of general intelhgence exemphifying a verbal-numencal and
3 dugrammane buas.

HSPQ personality questionnaire denved from Cattell’s 16PF.
APU occupanonal interests guide.

(P1 questionnanre providing background imntomaien on socio-Cceonomic
status of the famiy . level of parenis’ education, parents” ambinons for
children. arts-wience onentation of parenty” occupations. puply’
attitudes to schoo] and school subjects and their plans tor the yuture
as regards higher education and vareers.

The questionnaire was designed under four main headings: ) science i school
(1i) the abilities of scientists (31) the character of g scientist and (iv) the job of a scientist.
The first three were designed as a semantic differential on a four-point scale and the
tourth as eighteen true-false starements.

The results were broken down by six main variables: (i) sex (i) scientilic interest
as demomstrated by the APU Occupational Interests Guide (iii) interest in science as a
school subject and (iv)as a career as expressed in the attitude scale (v) subject group
determined by expiessed preferences for school subjects and (vi) orientation of father's
occupation on a scale of art-science bias. The intention was to identify those groups hold-
ing the stereotyped view of scientists. which aspects of it are peculiar to the opinions of
science specialists and which are common to all pupils.

Results
{2) Science in School

The present data contirms that, even at 13, boys are much more favourable in
their attutude towards science at school than are giris. 64 percent of the boys compared
with 34 percent of the girls felt that they were doing well in science. The girls particularly
complained that science involved "learning too many facts’; also science teachers were
less popular with them than other subject teachers. It is clear from Table 1. which gives
responses on a four-point scale to enjoyment of science lessons, that boys seem to get
preater pleasure and satistaction from these lessons. It would appear too that there is
a much higher level of enjoyment in Physics and Chemistry than in Biology.
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TABLE 1 'l enjoy scienca lessons’

() by subjpect preferenve

o "~ “ %

Very true Quite true Not really Not atall
Mathematies ) N 39 33 6
Phy sic. Chemistry 60 36 3 ]
Biology 28 51 19 2
Arts. Languages 9 42 40 9
Social Studies i1 Ll 37 1
N = 1903 445 780 548 130

{b) by sex

% % % %

Very true Quite true Not really Not at all
Boys 33 45 18 4
N = 1065 349 483 189 44
Girls 11 35 43 10
N = 838 96 297 359 86

The question arises whether science is more difficult for girls or as Ormerod (1971)
has suggested, the emergence of socia! f2:10rs at this stage of pupils’ development. is more
pronounced in the case of gitls. Anitem in the questionnaire may throw some light on the
first of these. 1t sought to discover how far boys and girls themselves felt that science was
in some way more difficult for girls, and it was possible to correlate these responses with
the results of the AH4 intelligcnce test over the whole range of abilities. (See figure 1)

1t is clear that the majority of boys and girls felt that both sexes had equal
potentialities in science. However, at the lower end of the intelligence scale there was some
tendency for the boys 10 agree with the given statement. The important point is that at
this stage the pupils themscives feel that, on the whole. science is no more difficult for girls
than for boys.
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FIGURE 1 ‘Science is more ditficult for girls than boys’
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{b) The Abilities oi a Scientist

The findings of the present study indicate that thers is an overall consensus on
the abilities of a scientist. A picturs emerges of the scientist as someone who is very clever,
not easily put off when things go wrong and very good at explaining things but who is not
phy sically fit and not particularly good at Janguages. However, there are a number of
striking differences between the cpinions of science-biased groups. For instance, the % alc
effect’ was in evidence in the responses to ‘uses his imagination' and *full of new 1deas’.
Though both items received a very favourable response (83 percent and 94 percent respect-
nely ). the science specialists were between 5 and 6 percent more likely to endow the
waentist with these attributes. A rather more surprising result was that the opposite proved
1o be true of the ability tu speek and to be good at public speaking. In both of these cases.
the arts-biased pupils tended to give responses more favourable than those of the science-
biased. It was interesting too to note that the pupils did not rate particularly highly the
scientists’s aptitude for making things. This is perhaps surprising when the fictional Dr.
Who-type characters of T.V. serics are always portrayed as very competent ai constructing
and repairing extremely complivated picces of machinery.
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TABLE 2 The Abilities of a Scientist

Want 10 be i Scientuhic Scientific :
a scentist father interest

Apitities Ve 7 ?q;“T TVes 1 No [ rwh Low Total

% % % 4 Y % : % S %

Very clever 92 | 92 * 9 92 | o 91 91
Aple o0 Wt 57 | e ! 5a &5 | e0 97 I 3
Good at languages 23 1 27 ! 19 24 l 24 24 } 256
ADle 10 add numbaers 76 ! 66 ;i 7% 73 :‘: 76 69 1 n
Neat and Ly 18 | 68 :' 74 2 ! 72 73 73
Goou a1 pubin seaking 3s ! s3 ;] 29 a3 | a7 52 | 42
ADle to give rdurs 43 ; aa 3 42 47 : 81 50 ; Py
Full of new ideas 92 | 96 ;l 92 88 | 92 8a || oa
Physatly it { = ! 37 3‘ 27 3 | 28 K 34
Uses hig imagination 86 ] 80 \' 88 8|83 N 87 81 3 83
Not sasdy put ott 95 1 91 ‘i 96 93 ‘ 96 90 ! 93
Good at making things 53 | &7 " 50 | 49 | 47 54 50
Puts hig work "irgt 712 : 84 I. 79 5 ; 83 78 1 78
Good at exrlanug o1 | o1 i es L 90 l 87 or 1 9

N e

Table 2 shows the different relations existing between three pairs of arts-science
biased groups on this section.

The tact that the scientist is seen by almost afl as being good at explaming thing-
may perhaps be regarded as an encouraging comment on science teachers. As Seimes {1969)
remdrked of the ASE sample of school children, they prefesred a teacher who raake time to
explain expenments or practical work, or theory rather than one who seemed “rushed along’
by the syllabuy or the book.

{¢) The Character of a Scientist

This dimension in particular is the factor most generally thought to provide the
basis of the svientist myth, Selmes {1969) was left with the impression of “the mad
scientist of horror films and comic papers’, and inference drawn from the fact that 21 per-
cent of the pupils’ commeats suggested the image of a scientist leading a narrow devoted
tife. Simlarly. Ashton and Meredith (1969). commer .ang on an investigation undertaken
by the West Midlands Regional Committee of the \SE. state that the popular image of the
scientist was of “a drab. bespectacled. vveralled figure. Lending over 3 bunsen burner ina
back room” or of a ‘dishevelled and wildly excited man dancing around. waving a test-tube
and talking to himselt™ He was also regarded. unlike the artist or social scientist, to be
quite unable 10 converse socially.
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Out tindings luve ended to present a much more encotaging picture of the
WITING s d quictly etticient person whods more m the centie ot things than locked away
1 a hack moom He i ot the eecentiie. solitany Tigute devoung himselt to his work but
arich Mote socteny onentated, working 1 a wam and deshing with the world of politics
and by husiness that we ave come to recognize through the media.

The absentaunded protessor s certamly bevonnng outdated. Only 18 percent
ot the overall sanple desenbed the saientint as very or quite absent-munded and only 24 per-
Cent ol Thase lend mrerested m saenee as asubject Smudarly. around S0 percent of the
wnple descnbed B as enjoving company . bemg a tamily man and being Kindly and cheer-
vl He was v descibed asoan interesting penson and wis not seen as espectally dowdy
and antastionable Figure 2 shows the patien ot respomnes on these questions divided by

Wichee mterest and iasiiates the gh degree of comensas here

i The Sc.entist s Job

H ot sahiect dronee s related to career choiee 1s an open guestion.. However,
A8 1T as scretiee s conveined. there is a general assumption that boys and girls who chouose
sorence stbey s w il probahiv opt tor acareen m osaenee, It this iy so. the image oY the
seenInes job s Iikely 1o bean important tactor in the choces beng made. Figure 3
diastrates the pupil responses overall te crghteen true-tabe statements concernmg the
wicninbi s work

FIGURE 3 The Scientist’s Job
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Arrives carly |
Gives orden J
Travels a bt
Works alone J

Works 1 an wIfee |

Arrives home late |

Works with numberns 1
Waorks out of duors J

Finds lus woik casy i

Has to keep secrets |

Has a dangerous job
Is piven orders {

Makes a lot of money }

Looks atter people ]

Does more harm than good

Makes tie world healthier L
Reads a lot !
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These nndmgs certamly present a more tavourable prctne ot science careers than
that found 1 the ASE survey . which 19 porcent ot the comunn nts retlected a negative
or enteal attitude o the work. The responses sumimarised in Figure 3 give the 13.yvear-
olds” views of the Job as being difticult. secret. even dangerous. involving reading and com-
putation, but responsible, well-paid and. on balance. doing more good than haimy,

Conclusion

Thas paper provides data which should throw light on two imporant questions
refated to wience teaching in the schools. The tirst is whether 13-year-old pupils tend 1w
have a neganve view ot sctentists and the work they do.and second to what extent boys
and pirks ditfer in these atttudes.

We are entering here on an area of opinion rather than fact and conclusions based
onTesponses given by the pupils must be tieated with some caution. Even so, the answers
supgest that 13-year-old secondary school pupils have 3 generally favourable impression of
the scientist and his work and show that this posiive view is shared ¢qually by those bays
and girls who enjoy science lessons and those who find them ditticult or dull.

Further analysis of these profiles by the HSPQ personality vaniables will be carried
out. 10 abo intended to extend the work in 1973 in order to investigate the effect of
two years” ageing on these images. As Hudson has noted, "the consensus about certain
figures tades over the four years between thirteen and seventeen, wilile with others it grows
sharper’. Muany past studies have not indicated who in tact endorses the stercotyped views.
Do scientists themselves believe in the image, and if the young science specialists’ view of
their subject 1s one peculiar to themselves, it is necessary to know how long they hold this
opinion. Do they reject the popular image. and it so s this betore or after adopting the
specialism? More specific information is needed over a larger age range. which we are hop-
ing this longitudinal study will atford.

The present paper has examined pupils who have some experience in science but
who have not yet chosen or rejected it as a subject for specialised study. By this age.
interest in science has crystallised. according to Butcher (1969). Also the third year is
the year of decision for or against science options for the majority of pupils in Britain and
it is normally only up to the end of the third year that a common science course is follow-
ed by all. The data obtained in the next phase of ticld work, v+hen the pupils in the sample
will be 15 years old, should provide information relating to the various choices made by
the pupils. How far a change in attitude towards science and scientists by young people to-
day may be the result of a more favourable presentation of scientists by TV and other
media. or to what cxtent this may be ascribed to the introduction ot different teaching
methods are interesting questions.

These. and no doubt vthers, would seem to be issues to which the information
obtained in this study may be relevant.
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ASEP IN THE CLASSROOM — some issues for research

Scorr MeRencie

1 have been ashed to vutline some of the problems associated with the use of ASEP
matenals. that might give mse to educational research programmes. These problems have
been gathered fom repoits of meetings of trals teachers, discussions with trials teachers,
my observations of ASEP classes v action, and from my experience in using ASEP materials
with Grade 8 classes.

Mamy saienee teachers today are products ot an era m education in which the
teachers tole was to nnpart information, and the student’s role to receive this information.
We Teft schoul with this view of the teaching-learning process, and {despite our pre-service
traimng). entered the protession with much the same view. Twelve years of schooling in
wiich we were dommanthy teacher-directed, gave us a certanty that such a teaching
strategy would be succestul tfor us also. There was no haid evidence 1o support this view
merely vur empincal observation over a twelve year penod.

We are now confronted with an ASEP view of science education, and the resultant
umts reflecting this view, which rell us that.

o 4 major source of learmng is the activity of the child,
] childien fearn by social interaction,
® children should have considerable control over their own learning,

e children should work at their own rate.

Many . if not most of us, are quite prepared to aceept these princi;')les perse. Itis
in the classroom practice that our previous certainties are shattered. We need hard evidence
to be convinced of the educational worth of ASEP materials. Most of us feel that ASEP
science is excellent  but our uncertainties run deep.

The problems have been categorised in terms of

(i) the context in which learning takes place.
(i1) the ASEP materials themselves.
(m) the leamer,

tiv) the teacher.

Context

The ASEP view of science education. and its implicit view of the whole junior
secondary education. as being directed towards the personal and social development of the
child. poses some mteresting questions. The materials prepared by the Project seem to

@ have been wntten for school situations in which rank ordering and grading of students does
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not occar The umit stiacture with a short core followed by many optional core develop-
ment activinies, and the absence of achievenient tests give support to tas dea.

] Whatintluence do environmental pressures have on ASEP learning.
m termis ot

1) demand Tor contonny i aschooll as against the encouragement
o individual expression:

) extnnsic rewards Tor students. as agaimst mtnnsic rewards.

(1) rank ordenng and grading of students.

. What intluence does the chimate” ot the scheol have on ASEP feanmng?
Are ASEP matenals equally eftective i authontatve and supportne
“chimates”
] Is there an optumuom context i which ASEP learing wall flounsh?
Materials

ASEP matenals have been devigned 1o tap the miterest of students, o cater 1o
individual ditrerences i abihiny L tobe readable by the vast magonty of students., to be
actanonented. and to develop a wade wange of abilities, skills, and attitudes. There seem
to be quite w number of underlyving assumpnons that nught be subjected 1o test.

° What are the effects on learming ot the ASEP strategy of
) tappmyg the interest of the student.
(1) giving students some choice i what they study.
Qi) self-pacing.

{iv)  child-centied istruction. rather than teacher-controlled
mstruction’

Conducting an ASEP class is hard work for science teachers. What we want 1o
know s this - as our eftort to be rewarded?

o What learning gains are achieved when ASEP materials are used”? What
cognitive abilities are developed, attitudes implanted or changed.
manipulative skills enhanced. and interests evoked?

. What learming gains result from the use of open-ended. or unstructured
achivities?!

One of the Project’s major aims concerns the development of an understunding
ot the nature. scope. and limitations of science.

1 ® To what extent do the matenials attempt to achieve these aims?
O
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° How stncesstul are the matenals in achieving these aims?

A sl set of remarks might be made about “attitudes charactenistic of scientific
mvestigalions”
Some teachers report that ASEP materials are suitable tor middle and low ability

students ondy

® 1\ this in fact so?

O i» such 4 report an indictment of the way the matenals were used with
high abiliny classes., rather than of the materials themselves?

ASEP mutenals consist of torty umis with few essential inks between units,

] Wit s the effect of sequencing units so that definite hinks are made use of?

° What cttect on fearning will 4 senies of non-hnked units have?

The readahity of matenals has been a major concer of the Project. An Amencan

readahilinn madel has been used.

® Are the muaterials teadable 10 the extent that the American model

mdicates?

Most ASEP units have prepared and highly structured Record Books into which
students write then observations and answers o questions posed in other parts of the unit
matenals. These Revord Books are clearly very beneficial in many circumstances.

® What 1s the effect. if any. of such a confined and definite space on the
qualiny of student responses?
Does the use of such Record Books imbibit the tendency of students to

pursue unstructured activities?

The Project has developed an inquiry model containing 4 spectrum of the types
of inquiry possible. The types of inquiry depend on the amount of gmdance given, rang-
ing from a complet ly programmed sequence to a situation in which the student is given no
help atall.

L] To what extent have the seven inquriy types been used in the forty units?

How effective is cach of the inquiry types in promoting the development

of ASEP science objectives’

Already quite a number of teachers have asked whether students are likely to
become bored with a three year ASEP course of study.

] Is this so?
O
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L Iy there an optmum number of ASEP umis tahen i sequence. tar the
vanous abiliny proups’

Our mam concern with the matenais centies on thenr overall effectiveness i
achieving their stated objectives. Thus it v imperatine 1iat an extemsive summaine evalue
aton ot the final ASEP product be conducted

The Teacher

An ASEP teacher has quite o different roie m the classtoom. He s responsible tor

(1) the organisation of the faahnes tor learnmg:
thuoks, cquipment. room)

() prepang students for leaining.
{pre-requinite background. motivation)

au)  ettecung kearmng: guiding, advising and encouraging
students as they undertake ther imvestigations:

vy evaluanng the effectiveness of learmng.

Such g role tahes the ASEP teacher out of the lme-hight, out of the centie ot the
stage. Teachers sometmes find i ditticult to relinguinh the mmtiative, passing on (o studenty
Mmore ot the responsibiliny tor learmnmg.

° Is such a tole change a teal problem tor saence teachers? To what
hind of saience teacher? How can this difficalny be minimised or
removed?

° Does such 4 role change reduce job satisfaction?

L How does an ASEP teacher spend his timean class?

Since the role of the ASEP teacher is different, it may te that a successtul ASEP
teacher differs from a successtul taditional teacher.

[ How can we idennty a successtul ASEP teacher?

° What attitudes and other personality components characterise a
successtul ASEP 1eacher?

Using eight ASEP units for a one year science course with a class presents a teacher
with an mcredible burden of reading preparation. Each unit averages about 100 pages. A
teacher using ASEP matenals with Grade 8,9, 10 clusses faces the prospect of reading
2,300 pages of student text just to become familiar with them.

] How is it possible for teachers to become so fumiliar with 2,400
pages of ASEP material. that they can promote effective learning

Q in the classroom?
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Many teachers who have used ASEP matenals express uncertainty as to the qual
iy and quanuty of the fearmng that occurs m the cournse of a umt.

] How can such teachets be convineed ot the etfectivencess of learning
when ASEP matenals are used?

The Leamers

ASEP matenials have been designed to take account of the wide variation in
shilities and mterests and needs of students. 1 have referred elsewhere to g number of
studies which might be conducted. centreing on how effective the materials are in catering
ror mdmvadual difterences between students.

Mamy students when asked at the completion of 4 unit what they now know, that
previowsly they did not,1espond w.th some ditficulty. Some even maintain that they know
nodnng more.

L] How can we promote in students, the realisation of what chunges they
have undergonean the course of a unit?

L] Do students reahise the mient o1 the actwities they underiahe?

] What etfect on learming and motivation does the regular marking/
correctmg of Record Books have?

Maost ASEP muatenals have been written at a reading level two Grades below its
mtended users.

L What effect does this tow reading *ovel have on the learning and
monvation of high ability students?

Most students seem to cope quite well in ASET classes. Only the very dull and the
very dispinted (through years of tailure), students seem to achieve nothing.

] Is this in Fact so?

The Piagetian stages of intellectual development were undoubtedly useful to the
Project writers in the develepment of the materials.

® What use should teachers make of this concept?
L How are icachers going to be able to determine the stage of development

of their students?

The unit MALES AND FEMALES has been designed for 12 year old students.
The core of the unit is so frank that it will invoke controversy wherever the unit is used.

® Is the unit really suitable for Grade 7 or 8 students?

O
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ASEP muatenials cater tor high abihty students in two way s

1) by providing a large number o Options,

{n) by the mclumion of unstructuted activaties at the end of Options

L Whit s the partern of preference amony high abiliny students? Do they
prefer 1o do more Options, vr do they tesearch more deeply o an
Opuon?

ASEP matenaly nommally contain at least one didgnostic test at the end ot the Core.
Noachiovement tests have been wntten aindeed one gains the impression that the Project
Aaft consider the summative evaulation of students for the assignment of grades 1o be von-
tary o therr view of soience educaton,

Inaon pacal umt students in a class may complete from one 1o six Opnons m the
nme allocated

® What techmques might be employed m o summative testing to slow for
the vanation in numbers of Options completed by students?

® What etfeet does testing in order to assign grades have on the students’
approach to learning, and on the learning that occury?

Conclusion

it seems 10 me that science education in this nation will reflect the influence of
ASEP tor some considerable time. 1t may be that the Projects influence will be felt in many
other subjects in the secondany school as well.

Whatever the case there is an urgent need for rescarch into the learning that occurs
1 ASEP classrooms. We need hard evidence to support the widely held view ot science
teachers thut ASEP matenals and the ASEP view of science education represent a large
step forward in secondary science education.

O
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TEACHER VALUES AND THEIR ASSOCIATION WITH
TEACHING STRATEGIES IN AS.EP. CLASSES

C N Power and RP Tisht’f

The Last Bitteen yean have been charactensed by a great deal of interest in the
teaching- learming process and many researcheis have directed their attention to the class-
room 1o study what goes on. and what i happening to puptls. The increased research
activaty has been reviewed by several waters {e.g. Flanders and Simon, 1969. Nuthall,
1965 and Rosenshine and Furst. 19713 and recently a special issue of the fnternational
Review f Fducanion (Vol. 8. No. 4. 1972) was devoted to works dealing with the class:
room behaviout of teachers. But even though there has been a great deal of study of
teachmg some writers helieve that there s hittle “pay-oi1T for practice. Heath and Nielson
L1973 for enample. panta very gloomy pictare of the value of. and benefits to be guined
from the tresearchers on teachimg. Whale it s the case that there are some difficulties and
Jeniciendies in seme studies, 10 not the case. we beheve, that the research has been of no
value. For evample, research on classtoom procedures has produced a greater knowledge
ol what 1 actually happenmng i lessons. Also, sesearch workers have developed and foster-
ed 3 vocabulany winch can be used to desenbe and categonze classroom activities (and
hopetully pive teachers greater control over what they do). Furthemore, the research on
teaching has stmulated mnovations such as micro-teaching and min-courses.

Be that as 1t may . there are several enticisms ot the previous research which cannot
be inored. For example. there is the fadure o relate the criterion measures to the content
covered 11 Jessons and o the purposes of each lesson (Cohen, 19722 Rosenshine and Furst,
1971). In many studies standardised tests have been used as the v.erion measures. Where-
as these mnstiuments do measure some of the outcomes of nstruction it is not usually the
case that they dre the most valid mstruments for studies. especially short tzrm ones, which
attempt to examine the association between classroom activities related to specific content
and pupil growth. A more appropriate procedure in research is. according to some critics,
1o it the nature of some studies of teaching to the examination of the effects of teaching
strategies for spevific curnicular or specific curriculum units. The criterion tests would be
limited to the material covered in the curriculum units or in the actual lessons. Some recent
studies{Hughes. 1973) have taken great care to develop valid criterion tests and in two major
projects® in Brisbane pre and post-tests are based on the material covered in class.

These Jast mentioned projects aie designed to study the effect of various teaching
strategies in lessons where the pupils are following curriculum units prepared by the
Australiun Science Education Project. In one study a highly structured unit, “*Light
Forms Images™. was used in the experimental classes. and pre and post-tests were designed
to measure pupil’s level of mastery of the material in the core section of the unit. This
study wan alo designed to take account of the influence of teachers” beliets about education.

That teachers” beliefs about teaching and/or particular curnicular innovations can

*  Thew progats have been tunded by the Austrahan Advisory Commutice for Research and Develop-
ment in ¥ ducation.
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altedt that natare of mstiacnon with the cunnculum s generally aceepted. Unforiunately
oo Tew studies take account ot the modity mg ettect of the teacher’s valies. Certamly,
thete as g need. oy a namber of winters (e, Grobman, 1968) point out 1o take account of
these hehiets i evaluation ot curncula and i studies on the eifeces of strategies of eaching.
Fhis pomt ot view 1 assoctated with another, mmtely the expressed need o ke mio
ducount the etfects of person-enviromment interdchions on puply’ achicvement m class
Michell 1909, Power 1971 Matcheld ¢ 1909) indicates. quite cogently . that the deter-
munanty of behaviour need 1o be soaght more often i the characiensties of the emviion-
mental context and i the mreracnon ot these characterisiios with indmdual trants and
abhiies . He stresses. oo, that socuad torees and environmental contexts may in certam -
stances be prepotent over imdivadaad tate Insome cases these contents may have such an
viniense nipact that mdnoadaad bebavious canondy be tally understood when then ertent
vemndered . Recenthv . Cobion o197 2 has argued along simnbar hines,

T'he Brishane Studies

A adicated aboves the Bisbane studies attempt 10 tuhe accounts among other
angs of the mtluence of teachensy” beliels and of the actugd content covered i lessons,
Phe mugger aons ot the projects were 1o enanune the effects of teaching strategies in vanous
teas e vtrgtions anclading L lesooons faught by expenenced teachens This report deals
wethoondy e NN SAHANN the stadies HJH!C‘_\ the association between teachen” values
and teadhimg stategies. Acvounts of other aspects of the tescarches appear elsewhere (e
iher and Power, 19735 and a detaded report of g completed project s avatlable trom the
APy However s appropnate 1o descnbe some of the procedures tollowed betore
discussing mosomewhat greater detal the findings which relate to values and teaching

sateyies.

Inally a Teacher Opimons Scale (hased on the ASEP. Opimons Scale) and o
Feadhing Pracuces Questionnane were admumistered to g sepresentative selection of science
teachers (N = oX), diploma m education students (N = 73)and ASE P statt (N = Jo). The
Jata obtamed were analvaed by using g principal components tactor analysis. Vanman
sootes were obtamed for all persons and ten factors extracted m the analysis. The vanmax
wores were tsed i an Hierarchical Grouping Analysis (H Group) (Veldman, 1967) to
otablnh clisters ot individuals and a Muluple Discriminant Analysis was employed to
Jetermune the manner in which the cdusters established by H Group sctually ditfered from
cach other. The charactenstics of the clusters are described more fully elsewhere (Tisher
and Power 1973) Twentv-one persons, e science teachers (N = 6) and diplomates (N =
15). representative ot the clusters were then selected as the teachers to be used in the study.
These twenty-one teachers based five lessons on the material in A SE P unit Light Forms
fmages, and three ot the fessons were video recorded by the research team. The experienced
teachers remamed wath ther usual grade 9 class and used the AS.EP. unit during June
1972 The Dip kds. cach remained with ten to iwelve randomly selected grade 9 pupils
who were m then assigned practice teachmg classes. They used the A S L.P. materials dur-
myg thenr second practice period in September 19720 A pre-test {(readiness test) was
sdmstered betore teaching on the unit began and the post-1ests were administered dunng
the sivth lesson, One of the post-1ests was the Classroom Activities Questionnaire (Steele.
Howse and Kenms, 197 1) which s designed to measure pupils” percepuons ot the learning
eovitonment. One was an Atiitude 1o Science Scale and another. the cnterion achicvement
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The video-tapes were analysed using 3 classroom behavious coding scheme design.
ed especially for this study. Twenty-eight of the categories are isted in Table 2. The
scheme provides data on the number of times certain peisons and materials acted as the
souree of interactions, the frequency with which certain interac tion occurred (e.g. pupil
to pupil. pupil 1 teacher), and the frequency of types uf behaviour (e, factstating, de
senbing. ete.). Some categories are not histed in Table 2 as the interactions they measured
were not sigmticantly assocrated with any teacher values.

The data from the Classroom Activities Questionnaire was subjected to factor
analy sty and after vanmax rotation eight factors were extracted. These component: account-
od tor 8577 of the vanance. The names which were given to the components appear in
Table 1. Detasled defimtions of the vanous categones are given in the detated report of
the study. However. the descriptions which follow will indicate the meanings attached 1o
a number of these categones.

Conelatons were calculated between the teachers varimax scores on the factors
ohtamed Trom the analysis of the Prictices Questionnaire and Opinions Scale and

13) classroom process measures  and

thy critenon amtude and achicvement measures.

The classroom process measures included the mean scores (from the three videotaped
lessons) for the mteraction measures shown in Table 2 and the class mean scores on the
erght factors extracted in the component analysis of the Classtoom Activities Questionnaire.
The cnterion measures were the class means and standard deviations on the achievement
post-test and the attitude post-test. The results of the calculations are shown in Tables 1
and 2.

Discussion of Results

The duta i Table 1 indicate that there are some associations between teachers’
values and pupils’ perceptions of the learning environment. For example, teachers who be-
lieve that science courses should be “wide ranging™ including a great deal and variety of
scientific information and information from the social sciences (i.e. teachers with a
“breadth orientation™) tend to have classes where the pupils perceive the leaming environ.
ment as one which devalues rote memorization, and expects pupils to go beyond the
mformation given. In these classes. as might be expected. pupils do not perform as well on
a specific, curriculum unit-related achievement test as do pupils whose teacher emphasize
and restrict their discussions to specific items of subject matter. Also, those teachers who
value divergence (unstructured) within lessons. snd who encourage original ideas and use a
vanety of sources for information tend to have classes where the pupils perceive the learn-
ing environment as one which vaiues ideas more than grades, fosters invention and dis:overy
(independent inquiry ). devalues memorization (ctamming) and where the teacher does not
dominate discussions.

A more complete description of science classes can be obtained by combining the
data in Tables 1 and 2. tis appropriate to note that only the statistically significant
© relations are reported in these tables and ihat the information applies to classes when
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ey ase the AN E P matenaby However, the expenmentad teachers were iepresentaine ot
oy ot teachens wath dittenng educational values and the A S E P matenadsaie a ivpe ot
seltpaced progiamme. Consequentdy . the desenpnions may be tahen as indicatons of the
cange and vane s which could exist i Brsbane's mettopolitan school - weie they 1o adept
AS TP matenals or another sl sell-paced saiciee couise.

Sume of v nterpretanons of the data are as tollows,

1 Teachers whovalue an expenmental. problem-centied approach 1o saience twaching
and whobelieve in groupwoik tend 1o have classes inwiuch

ta) readmg g prevalent actvaty, pupils hegueniy consalt and o interact wath
curncutum matenals and desciption and discassions ot ditticulties are not
trequent acthivinies, and

thy  pupils percene the learmng environment oy one which perninty agreat Jdual
ot partiapaton and anvolvement and sviach presents oy able rdeas fon
\“ad}.

2 Teachers who place httie value onan undentanding ot the natine of mter-penonal
relanonships m classes and who believe that school conrses should constst ot thie
sepatate rathier than mtegnated saiences tend toitne dasses e whicds pupils per-
cenve the fearmmg envitenment as one which requures them to scarch torimplhic-
ahons, tends and comsequences in the maternad prosented

A Leadhers who place an emphasts onrules 1o guide pupils conduct, and who behieve
they should dincrphne and control and make effective use of punishment tend to
have classes in which

{¢0)  relativel fow questions. and particularly follow up questions. are asked:
discusston seends o cenire around the giving ot directions with less frequent
disseminytion ot intormaton, the teacher most fraquently initiates infer-
actions with indwiduald pupils although pupil groups rather than the teacher
are the nmrajor source of mteractions: and

thy  pupils pereeive the fearning environment as one which requires them fie
quently to explam, summarise and restate ideas in their own words.

4. Teachers who believe that there iy u fundamental core ot knowledge which all
puptls should possess and that science courses should convey the structure of
swiences to puptls tend o have classes in which

(1) crncisin, deseripnon, briet question-answer interactions and teacher use of
and interactioan with lesso matenaly are trequent activines while reading.
the giving of direcuions and observation by the teacher are not. and

th)  pupils vary greaty in their attde 1o seience and pereeive the learning
emvironment as one which places litile emphasis on (and comequently m-
trequenty tequiies them 1o engage i) analyvsis, logest reasomny. recall,
o recopnition. appheanon and extrapolation.
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TABLE 1

Pupis perceptions and outcomes

vs Teachers values

Teadbers - - _ z
N 2 - € ::, 2 =2 gE
Vatues S v =2 e g s = T |3 3|2
v % S EE L I ~ ool
N - = 5SS s X s v wmle =l 5 v (Bvelrl s
LREITA =g 2z < 23,12 8|2, 7% v {23179
, 5 EE R B ER  EE S R EE
Perveptions and Eq‘:‘.; a; *{_E ‘"“éﬁ “%é f-‘-g.i E':‘ :a _-_;§§ O-%E
Outuome IR N B N R SR s
\. Perceptions of
fnstructional
Climate
I Independent Ingury (36) 43
11 Eothusasie 4]
Discusatc 1 {R)
HI. Humour {-39) 51
IV, Uramming (R) 39 | 45
V. iInterpretstion (R) 41 (35){(-34) -43
V1. Participation
Vil. Translation {R) 37 41 {-33)](31)
VHI iInformation -53
Processing
B. Outcome Measures
Aclu2vensent {Mean) (-34)
Achievement (S.D))
Attitude (Mean) (30)
Atdtude (S.D)) (34) 43 1(33) 46 Jf-SS)
r = 0.37 signiticant at the 0.05 level
1 = 0.50 significant at the 0.01 level
Note:  Rn parenthesis indicates the reverse of the factor, thus factor IV could be more
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Teachens whobehieve that pupis gam linte from canymyg out thesr own unestig-
atony and that lectures and demonstiations should take precedence over pupily’
Laburatory waork tend w have classes in whach

tar there ate frequentdy penods of mactaty o Wnk eley it aeimanes. and
maore frequent discussion of purposes, and

by pupid percene the ledmimg environment as one which requures explanations,
summartes and statements of ideas in then own words.

Teuchers who value intrinsic motivation and do not beheve in the use of extrinsic
rewards for pupil accomplishments or excessive question  answer interchanges
tend 1o have classes in which pupils are often the imtiators ot interactions but
puml  pupil mteractions are mfrequent. as are discussions of ditficulties.

Teachers who value the subject matter of the separate sciences tend to have classes
m which

{a) the teacher » irequently the “target” of interactions. factual content is
often discussed but reading is a rare activity, and

{(b) there is considerable variation among the pupils in then attitude 1o science.

Teachers who believe that they should be the major disseminators of scientific
imformation and assessors of the accuracy of pupils’ understandings tend to have
classes in which

(1) groups rather than the teacher are the most frequent initiators of inter-
actions, periods of inactivity and taskarrelevant activities frequently occeur,
observation is a prevalent behaviour whereas explanation is not, and

{(b) pupils perceive the learning environment as one which makes frequent
judgments about them and rarely contains humour, e.g. laughing and joking.

Teachers who believe science courses should be such thart pupils are encouraged to
use their own ideas. and who do not believe curriculum materials are the only
sources of information, rend to have classes in which

(a)  praise and encouragement are frequenty given but writing is a rare activity,
and

by pupilsy percene the learmng environment as one which places little emphasis
on memaorizanon o1 on grades, but encourages independent exploration and
Jiscovery and values pupily’ideas.
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TABLE 2 {PARTA)
Classroom Interaction Measure vs Teachers Values

{for 21 classes)

3 v = c
{cacher < - = s 2 SE
2 » g2 | e El= ce= | ¥ 3 =%
Values & 2|l Z2{s |2 {2 = =2 » Sw 3
~ = S= ix 3 n - _wo: E ")E ag E\—:
inte TN 4 s IR DAl R i) v I R Y- - 3 o > r=
sasuTe v 3 SElec 2| e =3 |OSE
e ey sz| e3|EcE|esE|ess] eS| s8] 22|25
Tr it ] ar |sdn|auae|uwEF] arn | =< | 20 (€20
1. Pupil (P) as souree 338
2 Group i) as source 3% 40
3. Teacher 1Ty as souree -54 -54
4. Teacher 1) as target 42
S Materals (A as target | 30
6. P = Minteracuon 37
7. P = Tinteraction
8. P = Pinteraction 46
9. T - Minteraction 39
10. T — Pinterachon 41
11. No{0)activity 45 53 4]
12. Quesnonmg (Q) 143
13. Followup Q -59
14. Information Giving -37
Note: r > 037, significant at the 0.05 level.
r = 0.50. significant at the 0.01 level.
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TABLE 2 {PART B)

Classroom Interaction Measure vs Teachers Values

(for 21 classes)

b=l =] S -
Teacher > - £ i £
= - - - ={= <1 = = ==
Values ‘E ; = =5 g.; = ,,E = - = S ® . = ;
el 2] sxXfra s =]z I} zE}es {22 iEv3
Interaction g; ;E Iy ‘Q:E.‘J g-:‘é «;‘;’:E 353 ;§ 5%?_‘53
. 2 rz == = 5 E z3ffsze| =g S st a2t
Meanure L&) +5 g le2zxjesg(eric|l 28] 32| 7z (=3¢t
tel 5SS ] EY |JECS{ES €S ESs Yy v F2 (=85
Tl it as o DT | -1 22 XL
15, Duirection giving 39 1-37
1o, Wnnng -00
17. Obsenvang -38 H
18, Reading 13 -18 -43
19, Q  answers 39 31
20. Fact stating 47
21. Descrnibing -32 -54 | 38 42
22. Interpreting
23, Explaining -41
24, Purpuases 39
25. Ditticulties 47 41
26. Nothing, Task 41 435 67
Irrelevant
27. +ve Aftect 37
1S, - ve Aftfect 43
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‘0 Teachers who beheve that sotence counses should be “wide ranging”” combing
many sienniic weds o well as relevant findings from the behavioural sciences
nud 1o have classes i wineh

(o there s frequent inactivity, task-inelvant activities and description often
occut whereas question-answer interactions do not, and.

by pupils percene the learning environment as one which places little emphasis
on eemonzation or on grades, contains little ik by the teacher, but
which encourages them to draw implications and search for consequences
and trends.

Concluding Comment

The research described here is part of a larger study on the effects of strategies
of teachigin ASEP. classes. In one sense the preceding discussion is incomplete for it
must be related to other findings in the farge project. Nevertheless, the detils discussed
here provide much mformation on the teaching-learning process, and, in particular, on the
perception puph have of their learning environments. It s left to readers to draw what
mphcations they wish trom the data we prefer to be cautious and non-committal.

We beheve that many more studies. simlar to this one, are required for they. and
other researches on teaching, can provide the data we need on the effect teaching has on
pupily’ development. e.g.. pupils” achievement. In order te discover what teaching strategies
mfluence learmng 1t is necessary 1o study classroom procedures and their effects. Itis
not sutficient to infer teaching strategies from learning theories. This project is a con-
tribution to the large task of providing information on effective classroom procedures and of
developing our understanding of the teaching-learning process.
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COMPUTERISED AUSUBEL - SUPPORT FOR AUSUBEL'S THEORY
FROM COMPUTER SIMULATION STUDIES

1o West

1. Introduction

In g post hoo analy sty of sume sty studies of achievement predictors in senior
sevondan o1 carly undergraduate saences, Novak, Ring and Tamir conclude that

gencral abihiy . general scholastic aptitudes interests, personality
tactons. hiadare and possbly other vanables alone or combined toge ther
aecount tor no mere than 3077 of the variance regarding academic
achievement 10 seens highly probably that prior knowledge will account
tor the major porton of the romanmng 50777 Novak et al. (1971) p.S0OY.

11 the relative size of the effect of prnior knowledge on subsequent cognitive learming in
sence i amvwhere near that suggested by Novak et al. then an understanding of the role
that priot knowledge plays m learmng shoudd be a major interest of educativnal researchers
and should have very mmportant impheations tor the practice of seience education,

The desire 1or o theoretical base to undergnd the relutionship between the fearn-
e’y existing hnowledge and s subsequent fearming has led some science educators (e.g.
Novak (1971 Kuhn (19729 to see Ausubel's subsumption theory as providing such a
hase. Ausubel’s theony has considerable intmtive appeal but it has not, as yet, been com-
pletely suppurted by empinaal evidence.

The rescarch relating 1o Ausubel's theory has tended to concentrate on his advance
orgamizer notion. The results from tus research has produced contradictions and contlict-
my 1esults, but most of the apparent contradictions can be shown to be consistent with
Ausubel’s theory {West and Fensham in press). Very few attempts have been made to test
empincally has more basic postulate that meaningful learning occurs when the learning can
be related 1 2 non-arbitrary and substantive’ fashion to the learner’s existing knowledge
{cogmuve structure).

Novak et al (19711 a post hoe analysis of a large number of empirical studies
demuonstrated that the results could be interpreted in terms of Ausubel's theory, but this
1s not. as they pomt out.an adequate test of the theory.

Studies by Ring and Novak (1971), Kahie (1971) and Shovelson (1972) probably
exhaust the field of studies that have produced support for Ausubel’s theory of Lubsumption
under prior knowledype.

I the wbsence of further experimental evidence. one can wrn 1o alternative
methods of theory testung. In recent years, physical scientists have created simplified models
of complen syatemsy i order to develop or test theortes, The use of computed simulation
models s played aomager sole m this techmque. 10 difficult 1o know how to assess the

1\.\ihdn) ot theony based ona prograny which simudates a hman cognitive process. Tty
<
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sugzested by Hadlworth (19093 thar 3 program ihat amuolates human leammg behavior res
Presents andcceprabie theony of human feamng. AR aceeprable theany s not a necessany
theony o Inthis paper such an acceptable theony obtained trom computer simulation ot
cote and meamngtul learmng s shown to be simialan 10 the independenthy proposed theory
o1 Ausubel which i not based on computer simulanon. tn fact, Nusabelaejects the poss:
hty ot computer modeds providing support for his theony, Ausuabel (1o pd 22y |
beheve that this “mmangulanon” of theones provides suppart 1o the proposition that
Ausubels theory represents the process of meanimgtul leavmng i humans, The programs
be discussed in this paper are’ The Teachable Language Comprehender (TLC) developed
by Quathon {1969) which is designed o be capable of bemyg taught 1o comprehend English
text. This program represents a theony of meamngtul verbal learmng.

vhe Flementary Perceiver and Memoniser (EPAM ) developed by Feigenbaum (1963 ) which
s designed to learn lists of patred nonsense symbuols. This program represents a theony of
tote verbhal learning.

Computer programs are precise. A theony based ona program wall be avery de-
taled theony A psychological theony Guch as that of Ausubel) will not be as detailed. In
companng TEC and BEPAM 1o Ausabel's theon | the comparison wall be made at the leved
o detail specipied o1 Ausubed’s theory. The Turther detat in the theony denved from the
programis. (whnch represent an acceptadle theory of the precise processes imvolved i that
particalar tvpe of learming) will not be discussed in thas paper. 1ty of mterest to observe
that Collins and Quillion (1969) have produced evidence, from expenments with human
subjects, that supports the detaled theory of memory structure derived from the TLC
program.

1. TLC and Ausubel’s theory of meaningful learning
Compansion between TLC and Ausubel’s theory will be made under four
headings:
(a)  structure of the memory
{b) suhsuming new learning
(¢) an appropriate cognitive structure

{d) obliterative subsumption

{a) Structure of the memory

TLC has a N-dimensional hierarchical network memory. which contains “unity’
and “properties’. A unit represents a concept that TLC understands. Incorporated in cach
umt 1s 4 hink to (a) its superset unit (more general concept) and (b) at least one modifying
property. A property is an attribute © value pair such as colour : red but can also be a pre-
position  abject pair such as up - il or a verb © object pair such as paints © pictures. The
attnnbute and value are also inked to other units. Thus a concept is always represented by
t 1)1t superset of which ity g specific instance and (2) its properties stating how that
supenset must be modified to constitute that particular concept.

Ausubel's view of cognitive structure is that it s hierarchical 'n nature with con-
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NUALEIRALEA RN AR heme aahsaimed andey e mcdusive concepis oi proposiiions. Thus,

e eraotare THO S memeony and Ausubel s copnitine stractne aie wennwal

1h ) Subsurmng ew learning

Whaen 11U cgiehonds aprece o aont athogins by sedarchimg through s
memen G ow hat appronnmates a paralieh seardii o an appropnate relationshyp between
comepts b aedenstands an the text Hoswall use thas chosent sechion of s memon feogmive
T Tte ) Lo ke nterences abeat the meaning of the et Trmay hnd, 1o example.in
s nenieny nelwork mtenestons of the supenset hams of the words the tent thatr it
ndersiamds Toan e s netwvork tomter the meanang of the et Thas network enables
Wty Create e presentation o the mput text which s much nches and less ambiguous
than Uie et 1ot asedt™ and which s 7o inghly mtaconnected structure with the vanons
coneeis sientieaed inthe tent hnked inwass arpphed from a memony of tacts about
the werdd”

vahel s 1o teris foadesenbe the relation of new Tearmng 1o exisimg know-
foedew mencamnetas fearng he welanonshp mus he “noncarbiian 7 and Tsubstantive”
Tihe thomeariitn oress crables the e of provieush acquured hnowdedge te mtennthse and
e ardenras darle L amd The subsianineness Tassimlates the substanee ot the wWea rather
B U preane wonds asad in evpriesang tem™ These are abo the sosults of TLC S method
coterm e ey The e b aciwerhomtensectiony enables the understanding of

v

Nt e e anesteny by the aeation of new umtsy The network
aroangement leads e comiprehiension” ot the tent rather than the mteralizgion of the

DICOIW waornds

() An apuropnidte cognitive structure

THC 11t 10s seatch Tor an approprate iepresentation of 4 prece of text, may find
arore than one such candidate cognitive structure. An example of thiy 1s given by Quillion,
s tent 0 he comprehended s U Johi shoots the teacher™ TLC has a unit wepresepting

Jnlm with an asoctated properny “photographs subjects™. Ttalsohas a umt tor teachers
with an assoctated properny Cteach childaeny oty search TLO will find mtersections of
cacht of the supetset chaims beginning at John subjects. feacher and children at the conceept
penson’ Thus there wall be aset ot el stionships hetween (e, cognitive structures relat-
mgdJoln and eacher whch TLC conld use to mier the meanmg of the text. Cleary, the

chaivce of an mapproprate one. will lead 1o a mismterpretation and the creation in memory
of 3 nisconception for this parteular meaning of “shoot™. TLC includes tests (called "form
tests Y which can he used 1o cheek the appropriateness of a particular candidai  cognitive
dructure. As oie would expect with the comprehension of Enghish text. these form tests
are hased on simple sntactic feasihility.

Austtbel also constders the possthility of the use of inappropriate cognitive
anictures Part of the tole of advance organizers is to afert the learner 1o the mostapyvo-
priste cogittive stuctuie o be used 1o subsume the new learning. At the last ASEFRA

conference. Fensham (1972) prevosed that the use ot less relevant CORMNVE sTUCIUTeS may
Tead to nusconceptions being formed and Ausubel has apreed that this is predictable from
his theon (persenal commumeation w Fensham).

O
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THOS 1omm ety e not equnadent o Awsubel’™s advance orgamizens, but they
Play an equinalent role. For 11C form tests emsare that the program ases the most
APPIpIaie copmtve structuie tor compichenston For Ausubel, advance osgamyers ens
suie that the fearner uses the most appropniate cognitnve structure for meamngiul fearming.

1 Obiiterative subsumption

TLCS progress at ths stage has been o comprehend a fanhy imited range of
sunple phrases and sentences. 1t v to proceed futher, st will need a way of Reeping ity
metmony within imits. Quithon recognises iy problem and suggests a solution:

“TLC alvo makes no etfort 1o get nd of most of the new unis
created dunng comprchension of 1ext. Such new uniis sepresent
known concepts plus things sad about them i specilic intancoes.
and any wdequate learming mechanism must forget such speaitic
untances, while extracting any smportant generalizations from
hem aud adding these 1o the meore general concepis lett i the
memany - Sonre mcthod of achieving sach generalization and tor
setting must probabiy be progranimed betore a sgmiticant amount
of THON memony v actually be buadt up by reading text.” p.372

Quithion w proposing that 11O needs 1o use what Ausubel has | alled vbliterative sub-
sampuen On thinasae THO tals oy 2 ot mode] of Ausubel’s theony but i s spmific-
At that Quilhon should constder the process of obhiterative subsianption as the direction
mowdnch THE must develop i order to expand s capabilities,

H1, EPAM and Ausubel’s theory of rote learning

Ausubel views rote kearning as the vpposite 1o meaningful lesining. Throughout
the desenption of has theory . Ausubel highhights the difference between rote and meaning:
tul learning. Thus he suggests that rotely learmed material is related in an ARBITRARY
and VERBATIM faslnon to cognitive structure in comparison to the NON-ARBITRARY
and SUBSTANTIVE fushion that he proposes for meaningful learning. As a consequence
of this, Ausubel postulates for rote learning, unlike meaningtul learning, that anchorage is
not achieved. that vanables such as frequence and reinforcement are important for learn-
myg. and that interference on the basis of interdist and intra-list similarity and stimulus and
response generalization are important variables for retention. { Ausubel (1968) p.110).

The correctness of this “theony” of rote learning is important in Ausubel's argued
development of his theory of meaningtul learmmg. For instance. on a number of occasions
he explains obstacles to the development of his theory by the rote © meaningful comparison
(c.g. Ausubel (1968) p.1 15 “Alternative theories of retention and forgetting’ ).

EPAM has two learning processes. one to construct the images which form parts
o 1ty network memory . the other 1o build these images into the growing net.

The image building process copies a part ot the stimulus symbol so that 1t is
dnuangunhable from the other images. This wall usually be Jess than (and never more than)

Q the VERBATIM stinmulus sy mbal,
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1he iages e bl mio g discnmmation net tmemony) by the discnmmnation
fearmng provess. The net s not vgamzed many Jogcad o hierarchical sense but smply on
the Pusts of what 1y sutficient Tor diseimmnation at that panticular pomt inats fearning,
Fhus the relationship between parts of the net (ie. cogmuve structure ) is completely
ARBITRARY

These two featming processes ate equivakent o Ausubel’s proposition that rote
jeammg inolves an arbitian and verbatim relationslap between new learning and cognitive
sucture 10 tasomating that the effects of mter- and mirashist similanty . of stimulus
and rosponmse goneradization . and of famithanzaton and meaningfulness on learning and
retention i TPAM and EPAM- T have been shown to agree quantitatively as well as
quahitatnedy with the data from identical expenments with humans {(Simon ard Feigenbaum
19040

1V Concluding Comments
1he cential yrgument presented in ths paper is.

(1) that there exnt computer simulation models of rote and meaningful fearming
which represent acceptabie theornes o these cognitive processes.

(21 that these thenres are very similar to Ausubel s proposed theones of the same
CORNINIVE PIOCeSses.

(3) that as a result, these computer simulation models support the proposition
that Ausubel’s theory represents the processes volved in rote and meaningful
learming 1 humans,

The concept of computer simulation models raises @ number of interesting ideas
that have only been brietly mentioned in ihis paper.

One 1s the use of computer simulation models to propose detailed theories of
cogmnve processes. Feigenbaum (196+4) has proposed 4 detailed ‘Information Processing
Theory of Memorny ™ based on EPAM. He proposes a three level theorv of memory:

“1.  An Immediate Memory of very small size, in which information
1s stored for very briet intervals, which acts as a buffer storage
1o decouple the input (penpheral encoding) processes from the
central processes and as a temporary storage for central pro-
cessing.

tJ

An Acqunition Memory . a working memory with the structure
of the EPAM discrimination net. in which discrimination learning
takes place and in which the mternal representations of stimulus
objects are built.

3. A Permanent Storage in which the internal representations are

Qo organized and stored for long term retnieval.”™
[MC Fiegenbaum (1964) p. 14
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FPANM g precne tormuadation ot the Tmaediate and Acquisinon menones. itwould be
mteresting 1o postulate o THU 1vpe menmon as a precie theory of penanent storage
taus complenng the model Tins detaded model of memony could be used as o basis T
Jospnmg research stadies.

Another interesting Wdea can be denved trom the use of “tonm tests i 1O The
tete o these torm tesios adenticad o the role ot advance vagamzers, but they ae not
advance organzens Perhaps we should be thinking of g general comeept of “organmizativonal
and” ol whieh advance orgamzers e g sapecitic example rather than the nanow concept of
advance oanizers proposed by Aanubel

REFERENCES

Ausabel DP vesy CEducational Pachology A Copmtve View™ . Haolt Rinchant
and Wanston

C ooy VNN Ondhon MR 03909 CRetmeval e trom Sentant, Memony ™
I Varh doarm Vorh Bohuan

Poreorhanm Ev (1903 The Simalanon of Verbal Learming Behavior™ i "Computens
ard Thoaght B Pepenbaum bV & Peldmans 1o McGraw - Hhill

bopenbaan A (904 “Hements of an nformation Processing Theony of Memaon ™

Paper presented to Amencan Psycholopical Assocution, Annual Meeting, Los
Angeles. Calitorma. Sepiember Y. 1904,

Porsham, P (19720 “Prios Knowiedge A Source of Negative Factonn™ Research
19720 1dRP. Tisher, Uninersaty of Queenslund.

Halworth, H1 (1909)  ~Compater Stmulation of Cogmtive Provesses™ Fducational
secimologr, Ot 1969, 00-63.

Rahile. J B 1971y The effect of an advance organizer and the predicnive ability of
micro learning tasks when utthzed with caretully sequenced audio mtoeril
units” PhoD. Thesis, Purdue Unmpversity, 1971

Ruhn, D J 1972y “Science Teaching. Concept Formation and Learning Theory™.
Scicn e Fducarion, 5642), 189-196.

Novah . D (1971 “Concept Learning in Science™. Theory into Practice, 10, 129-133.
Novarn . I D0 Ring. DG & Tanur, (1971 “Interpretation of Research Findings in
icms of Auabels Theon and Impheations for Science Education™. Science

fducanion, 3314 483-326.

Quihion MK (1969), " The Teachable Language Comprehender™. Comm. ACM, 12(5),
359,470,



BEST COPY RVAILABLE /,,3

Shovelwor, R 1 {1972 “Some Aspects of the Conrespondence Between Content Structure
and Cognitve Structure m Physies Instraction™. J. Fdue, Psvehol, 63,

\\;4\‘\4

Stnen, H A& Feigenbaum. B A (1904) ~An Information Processing Theory of Some
Fitects of Smlanty . Famihanzatnon and Meamngtuluess in Verbal Learming™
d Verb Learn, Verb. Behayv, 3, 385.396.

West, LH.T. & Fensham. P.J. To be published in “Studies in Science Education, Leeds
Uity

O

ERIC

Aruitoxt provided by Eic:



A

THE MEASUREMENT OF A SCIENTIFIC ATTITUDE-.CURIOSITY

R B Flegg und 1. Huking

Fducaton have meladed the development of scientific attitiudes as an aim ol
wiene teadhing Tor many years. The wnnngs of Curts {1932) Noll {1935), Heiss (1958)
ad Cotletie {1973 dhmrrate this tact. Duning that tme, however. assessment of
secomphishment ot this aum has been gencratly omitted m the evaluation of student progress.
Ditncain m nteavanement has been at least one factor responsibie tor this omission. In-
Credang Prossure v ow hemg everied on the classtoom teacher 1o take the s seriously .
Bollen 1197205 217 has indicated that the assessment of attitudes has been pant of the
thmiong s cvaminatons whch will emerge as a resalt ot the Nuttield Secondary Science
Progec i the Schools Counal Integrated Soience Projectm Eogland. in New South
Woalos greater osponaibiliny than latherto s to be placed upon the teacher the maiter of
awessiient and the Secondary Schooly Buard (1972) has proposed that an attitude dimen-
om s Lo ke 1p S0 o1 1he matk for the subject Saience n the awaid of g Schoal
Contioate There ian mgent need for clearer detimtion of objectives, and tor tests to
assint thye Toachen s task

o w nimgs such as those ated above cunosity has generally been included as one
o1 the desrable serentfic atttades. The prosent paper 1eports prograss in an meestgaton
Wil seeks tomake d contbuton to mecting the need for measunng ansttoments in
relation o the sacntific ataiude cunosity.

Previous attempts 1o measure curiosity

Apart from some vather work by Berlyne 1960) most of the reported investip-
2 ons of exploratory behatour involving human subjects date trom the beginning of the
1900 s Prelstich and Wou fnnf (1904) and Peterson and Lowery (1908) used observations
ot dhildren’s exploration of ohjects in a specially arranged environment e.g. 4 waiting
TOON, 1O Medsure curionty.

Maw and Maw {1961) used 3 complex procedure nvolving pees. teacher and selt
ratings 1o establish critenon groups of high and low curiosity for subscquent investig-
ations of the relationships of curiosity to certain other variables.

Methods which would be more casily employca by the classtoom teacher were
adopted by Penny and McCann (1964). Jenkins ( 1969) and Campbell (1971). Each of
these used scales mvolving opinion statements though none of the instruments was of the
generally accepted types of attitude scales.

As @ first stage in *i1: present investigation it was decided to develop an idea put
Yorward at an carlier date by Hukins (1963 ). This used Berlyne’s concept of epistemic
curiosity. Berlyne (1960. p.274) described this as ““the brand of arousal that motivates
the quest for knowledge and is relieved when knowledge is procured”. This appears to be
related to the “thirst for new knowledge™ of the cluster 5 obtained by Cohen (1971,
p.141) in his analysis of the components of the scientific attitude.
Q
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An approach o the measurement of this kind of cunosity might be 1o produce
4 wale relating 1o the person’s attitude to the seeking of knowledge.

Provedure

A Likert type scale was produced accora. ig w the method outhned by tdwards
(19537). The Likert scale was selected because it is regarded by some authorns, e Triandis
(IV71 pA5) as at feast equal o and possibly supenor to, the Thurstone or Gutinan
nope seales tor rehability and vahdity.

In vrder 1o obtan statements for the scale a set of questions was drawn up re-
lanmg 1o the students desire o gain knowledge. the surength of this desite as evidenced by
1y reaction to opposition Lo his questons, his reaction to new situations involving things,
plaves or people. and his opintons about gaming information from sources such as people,
books and the media. The questions were designed in such a way as to elicit extended
dmwers trom the statements. o9 trom IV students in iwo high schools responded 1o these
questions and from therr answers 60 opinton sty 'ments were selected.

The 60-tem protoscale was admimstered to 180 students who had just completed
third form i two high schools. The responses were subjected to the reliability maximiz-
ation procedure of Ray (1972) to produce a smaller scale ot high internal consistency. The
23atem - New Knowledge Scale™ included as an appendix, was thus produced.

In an attempt to gain cvidence about validity it was decided to form critenion
groups of students high and low on curiosity. as rated by their teachers. Each teacher was
asked 1o select the five or six most curious and the five or six least curious pupils in his
class with the aid of a set of criteria. This has been carried out in a preliminary way only,
at this stage, with five teachers producing “high™ and “low™ groups having a total of 28 in
cach. The attitude scale was also administered to these classes and the scores for the two
groups compared.

1t would be helpful to know the relationship. if any, between attitude to know-
ledge-secking and other variables such as science achievement and intelligence. Maw and
Maw {1970) have reported a correlation of .36 between curiosity and intelhgence. A
science achievement score was obtained from the schools and 1.Q. data is being sought
also,

Results

The value for the reliability coefficient obtained by the procedure of Ray was
0.80.

The null hypothesis. there is no difference in scores on the attitude scale between
those who are rated high in curiosity by their teachers and thosz who are rated low, was
tested by the Kolmogorov-Smirnov two-sample test (Siegel 1956). With N = 28 a value of
K,, = 10 is required for rejection at the .05 level. The obtained value was K ; =7. Thus.
although the difference in the cumulative trequencies was in the direction which might be
expected. it was not sufficiently great to reject the null iypothesis.
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A correlation coettiaent tor saence achievement and attitude w knowledge-
seehing was calculated by the Spearman rank-difference method. The value of tho was
tound to be 0.20 indicating a very small relationship.

Discussion

The compartson between attitude to knowledge-seeking as measured by the
attude scate and as 1sted by teachers has not led to a defimte conclusion because the
numbens of teachers involved was too small. However the result suggests that it would be
worthwhile pursuing this hne of invesngation. This assumes that teachers are able to
distingunh between the most and least cunious students in their classes on the basis of the
CIRend given,

An nternal-consistency measure of reliability is involved in the coefficient re-
ported above. 1t wonld be advantageous to know the test-retest reliability coefficient and
this 1s currently bemg mvestgated.

The investigation reported here relates to a self-report technique for measuring a
saientific atntude, cunosity . A questien o be considered is to what extent such instru-
ments. wselul in resedrch situations. are useful o the classroom teacher in arnving at a
seore to be included in the assessment of his students. They would probably be much less
valid 1f the subjects telt that they were under some pressure because the results were 10
count twwards an award ¢.g. the School Certiticate in New South Wales. Another question
which many educators would like to consider further is whether, on cthicad grounds, the
assessiment of 2tutudes should be taken into account in the granting of an award.
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THE NEW KNOWLEDGE ATTITUDE SCALE

Here are soie statements from stadents ubout the way they think and act. As
vou read them vou will find yourselt agreeing with some. disagreeing with some and per-
faps you will be undeaided about others. Your job is 1o say just how much you agree or
diagiee with cach of the statements. Remember that no matter which choice you make
there will be many people who think the same way as you do.

HERE'S WHAT TO DO:

Fach statement o tollowed by the numbers:

I you srongly agree. put a circle around 1.

It vouagree, put a ucle around 2.

It vou are undecided, put a cirele around 3

It you disagree, put a aacle around 4.

I you strongly disugree, put g cucle around S,

FOR EXAMPLE:

Supposing there were a statement like the following and you strongly agreed with it This
1s how you would indicate your choice:

Strongly . . Strongly
agree Agree  Undecided Disagree Disagree
88. Too much knowledge can Q/ 2 3 4 5

drive a person crazy.

Give your judgement on EVERY statement.

Work caretully through each item and don’t spend too much time on any one of them.
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ool don'thave courage enough to question the reaching ot
sthangers, N
20 1 preter wo dean more about tanuhae thimgs rather than
Livhle new ones 12 3 3
S Rnewledge keeps voar imnd active, 2 3 3
4 1oy todook avit Tunderstand things evenat Tdon't R
S ltdoesntmatter how a thing works, what it does s
O ENPOT A 1 23 N
o mtoo Lazy 1o Jook up answers to my gueties i books, | 5
TN TN new Phaces v oy 1ot e, R 5
~ T oould ger what Pwant i hte waithout knowmy a
thing . T would. 12 3 s
9 Peetveny enthusiastiv when Fmeet people wath new ideas. 2 3 S
1O Invennons ate mungang. | IR S
PLo I people retuse to rell vou things . yvou want to find out
at the more. 2 3 43
12, 1 ke to know what makes things tick. 12 3 4 5
13 Knewing oo much would make life very bonng. 2 3 3 5
134, 1'd hke 1o geta good Took at things out there in space. 12 3 3 5
13, Other people’sinventions give me deas. 1 2 3 4 3
To Twon'trest until | ind out about something which
ININgues me. ! 2 3 4 5
170 105 4 waste of time to ook things up in a hbrary. 12 3 4 5
In. A person with an enguiring mind is a threat to those
around him. 2 4 5
19, 1 only read the comics in the newspaper. 1 2 3 4 3
20. Itas almost cnminal to be the least bit intelligent. 1 2 3 4 5
21. Strange places are tascinating. 12 3 4 5
220 Tempoy looking at the newspaper headlines to find some-
thing that might interest me. I 2 3 4 5
230 Thke 1o learn things from people who put them forward
N NCW Way . 12 3 4 5
24 1 Hike o stay in familiar surroundings. 12 3 5
*< | hike Keeping my mind free of problems. P2 3 5
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A NOTE ON A POSSIBLE ALTERNATIVE TO LIKERT SCALES

R.T. Whire and 1.D. Mackay

Criticisim of Likert scales

Likertscales are widely used m tests of attitudes. The test of curiosity developed
by Flegg and Hukiny (in this tssuedis a typacal test of this type. Three general criticisms
of Likert scaies are made below: these cnticisms e not meant to apply specifically to
Hukins testowhich is constructed in accord with the aceepted prinaples of Likert scales.
but are an attack on the accepted principles themselves. A suggestion for an alternative
procedure soHustiated by reference to the measure of cunosity,

Conosm 1. Likert scales lack vahdiny because 1t s often simple tor the respond-
enis to pereeive the mtent of the items, and then those who have a set to score positively
o1 negatively ) on the dimension being measured will slant their responses accordingly .
The test then measures a complex combination ot the respondent’s standing on the
dimenston bemy measwied. of iy ability to perceive the intent of a set of items, and ot his
set to respond i a particular way.

Crioonm 20 Scores on S-pomt Likert scales are attected by the dogmatism of the
respondent. More dogmatic people will tend 1o choose extreme values, and so will appear
more (o1 dess) curtous than someone less dogmatic though of really equal curiosity. The
only exception s tor people whose total score on the test is equal to the mid-point of the
range of posable scores  their dognuatic tendencey in one direction is exactly cancelled by
their tendency i the other direction.

Cnticims 3. Resnondents may have a general positive or negative set in answering
Likert-scale items. Some ;. ople may tend to cioose the “tavourable™ responses of “agre ™
or Ustrongly agree”, or whatever the phrasing of the responses is, while others may tend to
choose the “unfavourable™ responses. Their scores on the scale theretore are a composite
of their set as well as their standing on curiosity, or whatever dimension the scale is attempt-
g 1 measure.

To meet these criticisms the alternative procedure must disguise the intent of the
test. at least 1o a greater degree than the Likert scale: and it must be free of the influence
uf irrelevant attributes such as dogmatism and positive-negative response set. The pro-
cedure described below appears to have these properties.

Alternative procedure

Collect a number of statements that describe the writer, in the first person, e.g.
Flegg and Hukins' item 9: | get very enthusiastic when | meet people with new ideas™,
and which clearly have some direct relevance to curiosity. Other statements of this type
are Hukins items 2.4, 6,8, 12,14, 16, 19,22, 23, 24, and 25 - though some of these,
e.g. 2 and 24, are negatively or anti-curiosity phrased, in a Jogical attempt by Flegg and
Hukins to meet criticism 3.



O

ERIC

Aruitoxt provided by Eic:

76

Collect a larger mamber o statements of sinlar form, which do not have relevance
o cunionty bat which redate o a divense set ot attnbutes. Examples are:

1 am generally Kind to ammals™

“Eam ot scared ot doga”

1 hke team games rather than imdidual sports”™
“1preter gomy to the tootball 1o gomg 1o the prctures™
“1am tooshy o give my opamon 1o a e group™.

Reproduce beth sets of statements on cards which contam one statement ¢ach.
Shattle the wider o1 the cards Gave the cards to a number of espondents, and ask them to
wate the statements i mne owdered categories m regard to the guestion “Which of these
statements would you most ke pe ple 1oy about you?” The proceduse of placing the
statemenis i the mne categones is desciibed by Cohien (1971) No mention of cunosity is
made . s it tie sespondents are classifying the statements purely on the degiee ot their
soctal acceptabiliny . The categontes are marked 1 to 9, and the mean value is calculated for
cach stateiment - Alternatively | the median category may be found tor each statement.

Fach cunostty statement s then panred with g general, or “background™ state-
ment of equal mean (or median ) social aceeptability. The test of cunosity then consists of
the et of pais of statements, wineh are given to the testees with the instruction “Mark the
one ot cach pan that descabes y o better™ The sconing o the test is simply a count of
the number of tumes that the cunous statements m the pais are selected.

The above outhne does not go into the detals of wording and procedure, which
would be cructal nrests of this 1y pe. Ttis presented as a suggestion tor constructors of
new 1ests 1 science education research to consider - e authors are currently attempting
to produce g st of this (v pe to measure the congruence between children’s and
screntists” beliefs of how sciennists think and act. which should be a usetul instrument as
part of a battery for evaluation of science curricula.

REFERENCES

Cohen. D Can scientific attitudes be evaluated?” Research 1971, R P. Tisher {«d.).
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A TEST OF ENQUIRY SKILLS

Buriv d. Fraser

Purpose of the Test

The worth ot any evatuation instiument depends largehy upon the purpose for
which it v to he msed. Betore discussiny the development of A4 Jess of Faguiry Skiils
{TO1 S theretore. the wse 1o which TOERS i to he put must be deardy understond.

The mann ase envisaeed Tor TOES ivan the summaine evaluation of the
Vb Soience Pdacaion Proje 1 ¢ ASEP cunenlum. The speartications tor design-
g TOE S then need by be conastent with contemporan theorenical consderations in
cangalum evauation.

Curriculum evaluation theon

b oar ot prposes of s iele the semse m which the term summative cunseulum
cadiation wall Be sed needs 1o be clanied momvo wavss Fistdy - discussion hee wall be
et tod T and evaluation. which mvelies pupih achievement ot desiable goals, and
Wil ey o7z evgluations whnch meludes experts” opimons of ASEP materials, teachers’

spresaons oblesses st aeg ASEPL e thundiern diseission of hurd and sott evaluanion
can be tound s Fraser, 1973 and Whittield and Ken, 1970).

Seconddy L cunieulum evaluation will gog be detined sumply as the detemination
ot whether o1 not g particular curncaium s etfective tor more elfective than an alternat-
ned histead. the defintnon adopied here wall be the more complex one given by Carroll
L1905 p 233 who channs

“1would define curnculum evaluation as a process .. of determining
which objectives 1t can attam. under what conditions, and tor whan
hinds of pupilh

For currenlum evaluat n defined m this way it is possible to judge the attainment of
objectivey of any carncrhuim 2ather agamst some absolute standard vr against the attain-
ment under altematne comcola,

A Jdefimnon of curricutum evaluation similar to that given above 1s abo reflected
m Walberg's model (19691 which » expressed by

!1 = f’!r ,]. !.]\}

i

In this equation. £ stands for the set of fearning outcomes. /; for the instruction or
curticaium, A, for the aptitudinal and personalogical attributes of the pupil and Ek tor the
learmng envionment. By using such a theoretical model as a basis for curriculunt evaluation.
it is possible not only to provide more usetul and comprehensive information but also to
contribute to basic educational research and to the tormulation of verifiable principles

and thevnes of mstraction”™ . (Walberg, 1969, p I8S).
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The acceptance of the above dehimnon of cunculum evaluation has ipuoitant
snpheanons tor the desgn of any astrament of canculum evaluation Consequenty ( to
the present purposes ot developing a 1est of enguary skills, aset of speaancations consistent
with s detimtion wall now be evtablnhed.

Specifications for the Test
Midadimensional Criterion

From the above discussion i tollows that curmculum evalnation should cover a
comprehensie nange of as many ditferent fearmng outcomes as possible. Indeed. as
Cronbach 11909 p 35y advoaates, an deally sunable batieny or evaluation puiposes wall
mdude separate measures of all vutcomes Lo connidered mporant™ Sudarly | Stake
LT ) S 30) has desenbed s comnutment o a mujodimensiesal entenion of cumeula
sHecmveness by saving.

"1 s g great mistortune that the best tramed evaluatons have heen
lookimg at education wath a microscope vather than with o
panonmi viewhnder.”

For the present purposes ot 1est development, then. it i desirable 1o construct an mstru-
ment which proudes sepandte measures of a wide vaneiy of stedent outcomes.

important Pupi! Qutcomes

Forany curnculum evaluatuon amstument. an overadig consideration s that each
outoome medsured must be an mpartant objective insaence education. Consequently.
curncutum evaluation should be based upon the goals thar a curriculum ougir to attain
vather than those srared for that curriculum. It the goals stated tor a curriculum are un-
mportant, then ther achievement 1 noaindication of the etficacy of that curriculum.  As
sSoinven (1967 p.82) points out, “itis obvioos that 1 goals aren’t worth achieving then it
i uninteresting how well they are achieved™. Clearly it curriculum evaluation s based
wolely upon curncuia’s own goals, the curnculum deemed most effective could simply be
the one with the feast enterpnsing goals. This opinion is shared by Cronbach (1963) who
cahms that

“an wdeal evaluation would iclude measures of all the wypes of
proficiency that nught reasonably be desired in the area in question,
notjust the selected outcomes to which the curriculum directs
substantial attention.”

In an attempt 1o obtain a comprehensive statement of all important aims in
wience educanion, an extensive hiterature survey was conducted. This survey included a
swatematie scrutiny of all articles over the last ten years in Science Education, The Journal
ot Research in Science Teaching, and The Austratian Science Teachers™ Journal, as well
s~ the Large number of cross-references found in the bibliographies of these articles Ex-
amples ol important sources of aims include Hurd (1969). Hurd (1970). Lombard (1965).
Avins Conunittee of the Newcastle and Districts Association of Science Teachers (1967),
Soience S 13 (1971). and the NSSE Yearbooks (1960 and 1947). From this Inerature
Svey it wains found that Klopter's clasaitication of science objectives (1971) was the most
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comprehiensne one and embraced ahinost gl outeomes stated elsewhere. For this reason,
Klupter's scheme was used to clasaty the outcomes listed 1n all other aums statements.

For the purposes of test construction, it was decided to restrict attention o
Rlopter's categones called the process of scientific inguary. From the hterature, ample
cudence was collected o support the simportance of these goals, which have tormed the
hass tor the development of A Test of Enquiry Skills. The scope ot the skills measured in
TOES 1n shown m Table 1.

TABLE 1

Scope of A Test of Enquiry Skills
PART A REFERENCE MATERIALS

Skl 1 . Library Usage
Skill 2 ¢ Index and Table of Contents
PART B INTERPRETING & PROCESSING INFORMATION
Skill 3 ¢ Suales
Skill 4 . Averages, Percentages and Proportions
Skill 5 ¢ Charts and Tables
Skill 6 : Graphs
PARTC CRITICAL THINKING IN SCIENCE
Skill 7 : Comprehesnion of Science Reading
Skill 8 : Design of Experimental Procedures

Skill 9 : Conclusions and Generalizations

Aptitudes for the Enquiry Approach

Reconsideration of Walberg's model, described above, shows that both aptitudinal
and environmental variables are of importance in curriculum evaluation. The relevance of
some of these variables in the case of ASEP can be inferred from the nature of the ASEP
course. In particular it is interesting 1o note that the ASEP curriculum is based upon the
enquiry approach (ASEP . 1970). With this approach the pupil is engaged predominantly in
independent study using ASEP booklets to provide reading material. instructions for con-
ducting experiments and questions to answer. Furthermore. with any approach involving
independent pupil enquiry. it is reasonable to assume that there are a number of attitudes
and skills that are prerequisite for success. For example, motivation to work independently
is clearly an important attitude in this situation.
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In addinion to atitudes, however, the use of independent enquiry assumes pupil
mastery of 3 host of cogmtive skilly. Formaance, it is assumed that the student can find
relevant relerence matenials in the hibran and can mterpret science reading matenial pro-
vided 1 assamied | abo, that students can read the scales of instruments used in experi-
ments and can record ther measurements an tabadar o1 graphical fonn. Similatly . the
mdependent enquiry approach assumes that students have some abality to set up apparatus,
toaedect appropnate nstruments and to diaw valid conclusions trom data. In other words.
the shatls Bated m fable 1 as ciitena of curnculum effectiveness (independent variables)
comld abo senve as apuitudmal (dependent ) vanables affecung pupil achievement of other
foals msaience education. For a discussion of these duai roles played by enquiry skills.
wieenee can be made o Newport {1972,

For the ahove reasons, o test of enquiry skills can be jusufied m curricalum
evaluation. not ondy as 3 cntenon measure. but also tor use as aputudinal vanabies. Such
aptidinal vanables could not only intluence pupil success ona wide variety of outcomes
but could also meract datterentally wath altemanve curmcula to vield the gprinnde-
reatment mircractions discussed by Salomon (1971).

Content free Qutcomes

11 one wished to compare the ASEP course with a traditional one. 3 problem
would immediately anse sinee the content covered in the two courses would be markedly
difterent. Furthermaore, evenai ASEP was evaluated without such a control group. the
problem of ascertainng the content covered by the ASEP sample would still be acute.
The reason o1 this is that 11 1s part of ASEP’s philosophy that different ASEP teachers are
f1ee to choose dafferent units for their classes whilst ditferent students within a class may
choose ditferent options from a given unit. Consequently. in curriculum evaluation, it
would be mnvahd to insist that all students should cover identical ASEP material since this
would be alien to the way ASEP materials are intended to be used.

One way of overcoming this problem of determining common content in curii-
culum evaluation is to focus upon content-free outcomes. In curriculum evaluation then,
content-free tests are more widely applicable than ones covering specific content. For
tiis reason. an enquiry skills test would be particularly useful in curriculum evaluation
because of the content-free nature of such enquiry skills.

Form 1 Level

Bevuuse of the relatively slow changes that would be expected in students’ en-
quiry skills (and other content-free outcomes) over time, it was decided to concentrate
ASFP evaluation at the Form 1 level. The reason for this is that the ASEP curriculum is
likely 10 have more impact on Form 1 students who would have negligible prior background
in science than on pupils who have had some years of experience in other science courses.

Consequentiy, in writing TOES, care is needed to ensure that items are suitable
for the reading level and stage of development of Form 1 students. In practice, the
difficulty of vocabulary used in items was controlled using Gardner's list of words common-
ly used in science (1972).
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Sensiuvity of the instrument

Adetimmg charactenstic of curnculum evaluation has been taken here to beats
convern 1o the ditterennal etfectiveness ol any curnicuium for difterent students. Con-
sequenthy an dienton » o be diected o the achevement of pupils ot gdl ability levels,
A NApPIPTTe T anm testitens ditficuines at the “average” child. Such i bias would
1a to provide imtormation about the achievement of both high and low ability students.
Istead, an mstnmient with 4 propaate sensttivaty would provide a wide range of item
Jpicadiiey companble with the abibiny level of all students in the taget population. The
importance of s wide tange motem ditficulty devels has been stressed by Tvler (1966).

Furthermore, i developimg TOES, 1 was assumed that cach enquiny skill would
be muastered tovany g degiees by ditterent pupils. ot example. the shill o1 reading o
seale could Be tested at progressiseh more complen levels. as shownn bgure 1 In this
ture, weadmy the seale at pomt A s relatively casy . at point Ba hide harder, at pomt €
Sl more dittcalt and at pomt D the most ditticul of the four,

Duneg - ombucton of TOES, then. an important specitication is that cach shill
should contaimn 4 range ot iem ditficulues companble with Form 1 students” range of
ahiliny i each sl I practice. this was attempted both by mterviewing Form 1 students
and by obtamng the subjective judgements of exvpenenced Form 1 teachers.

¢ D

|

B
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Multiple Choice Format

The definiion of curnculum evaluation employed carlier stipulated both the use
of a multidimensional enterion and consideration of aputudinal and environmental vari-
ables. The implementation of such an approach to curnculum evaluation. however, incurs
considerable expenditure m test administration and in analysis. For this reason, it was
decided to use muluple-choice format for the test so as 1o economize vn testing and
correction tme.

Once the decision to employ multiple-choice tests is made, however, it is import-
ant 1o differentiate clearly between the analyrical mode and the constructive mode
described by Schwab (1963, p.473). The analytical mode of testing could require the
student to interprer a graph, to welect from aliernative hypotheses, or 1o choose the best
of alternative expenmental set-aps. Clearly. multiple-choice testing is appropriate tor
measunng all these skills i analy tical mode. On the other hand. however. the same skills
tested 10 the constructive mode would require 3 student to construct a graph, to form his
own hypotheses or o desenbe an appropriate experimental set-up. Clearly, multiple-
choice items cannot measure these skills in the constructive mode. Consequently. when
interpreting results obtamed using TOES, itis important to appreciate that data were
ohtined for the analy ncal mode and are not necessarily generalizable to the constructive
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mode Neverthedess s feastbie that pertormance w the analy tioal made vould be Taghily
wiated o thatm the comvtiuctine. s question however, sequires Tunhiern mvestigation.

Development of the trial version

In wrnting the mial verston ot TOES, thiee mcasuies were taken 1o ensuie the
vaihiny ofaems and then sutaliny at the Form 3 level Fasilyv extenainve use was nade
<1 the literarure both 1o clanty the meanmg and scope of cach skl and 1o be suie tha
atenm measuted an objective important m sctence education

Secondly, an extensive review o both published and unpubhshied evaluanon -
stnents was used as a4 source o Weas B st aems, Examples of ests that pronved
asetid tor tis purpose are those developed by the New South Wales Depariment of vrdue
catton (189033, Saience Research Assocaates (1938 ) Nebon (190 7). Rescarch and Curne
adum Branch i Queenstand (19721 Austiahan Saence Education Project (1972,
Gardner (1969), Biological Sciences Curmculom Swady (1902), Diessel and Mayhew (1953)
Lindguist €193 2) Morse and MceCune (19034 and Watson and Glaser (ivoi)

Thudly . all iems wantten were sabyected to the serutiny of a panel of expertsan
cducanonal measurement and m sorence educanon. By means ot these panel sessions, the
tace validiny of items was checked 1o ensure that cach ttem did measure the skill to wihich
twas allecated, that items were suitable tor the Form 1 ability range and that stems were
well constructed and fiee of clues or ambiguities.

The 117 atems wihiach survived the panel sessions were then assembiled into a trial
hattery and administered to 14 Melbourne Form | classes. each from a ditferent school.
In cach of these classes, a random third ot the class sat tor Part A of the battery, another
random third 100k Part B and the rest of each class took Part €. Furthermore, in order to
prevent fatigue, the test administration was spread over two class periods occurning on
Jditerent days.

Finally. in urder to illustrate the nature of the items included in TOES an
example of one item from each of the nine skills 1 given in the Appendix.

Statistical analysis of the trial version
Tests as a Whole

Tuble 2 shows data for the battery as 3 whole, including the sample size, the
number of test items, the mean and standard deviation and the Kuder-Richardson 20 re-
hability of each part of the test and each individual skill in the battery.

For all tests in the battery, with the exception of Skills 3 and 5, it was found
that sausfactory sensitivity had been achieved. That is, except for two skills, each test had
a satisfactory spread of item difficulties ranging from very easy to very hard. On the other
hand. tor both Skills 3 and 5. the tests were found to be insensitive for measurements of
high proficiency since 28 of the 29 items in these tests were correctly answered by at feast
&) percent of students. The reason Tor this occurrence was that, during item-writing. the



83

cunrent level of Foun 1 pupily proticiency w these skills had been under-estimated. In order
o ubiam tests with appropriate sensttivity tor these shalls, it will be necessary to rewrite

. testy adding a number of more ditficelt items, o administer the new version to a sample
ot pumibs and then to analyze the new data.

TABLE 2

Statistics for Tests as a Whole

; Nuniber of Number of Standard K-R.
Tew .\tllr::dt-:\h u;'l‘em's ’ ] Mean l)i.-:ml::m Reliub%l?ty
Skall | 151 s 3.6 {377) 24 0.53
Skilt = 151 B 7.8{71'Y) 2.4 0.70
All Part A 151 26 16.4(627%) 4.2 0.74
Skill 3 147 13 9.7 (75%) 2.6 0.74
Skall 4 147 9 4.3 (48%) 23 0.83
Skl § 147 16 13,7 (86'7) 2.3 0.73
Skilo | 147 15 V.3 (627 3.5 0.79
AllPart B 147 53 37.1 (70%) 935 0.92
Skill 7 13 15 10.5 (70%) 27 0.72
Skill 8 134 10 STG7%) 1.8 0.46
Skill 9 134 13 7.0(54%) 2.2 0.54
All Part C 134 33 23.1(61%) 5.3 i 0.78

Finally. since it is assumed that each test in the battery does measure a unique
skill. it is important that each test has reasonable internal consistency, as indicated by its
Kuder-Rizhardson 20 reliability. Nevertheless, i* must also be  ppreciated that the size
of the K R, reliability is restricted by the shortness of each skill test. Since the
definition used here for curriculum evaluation stipulates a multidimensional criterion,
TOES has been designed o maximize the number of separate skills whilst practical con-
siderations have limited the length of each skill test to 10 to 15 items. Furthermore, since
TOES is designed to measure group performance, a much lower K-R reliability is
acceptable than for tests used to discriminate among individuals.

Based on the reasons outlined above, it was decided that values above 0.50 werld
be accepted for the K -R_  reliability of each skill in TO.:S. Examination of the K-R,
data provided in Table 2 shows that a value above 0.50 was obtained for all skills except
Skill 8. Nevertheless. upon removal trom Skill 8 of “.ie two items that were not signific-
antly correlated with the skill total, the value of the K- R reliability for this skill did
o rise above 0.50. Consequently, for the purposes for which TOES was designed, all skills
ERJC ha . =ptable K R, reliability.
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indvidual 1tems

Table 3 provides some statistics for each ot the nine test items shown in the
Appendin. The data include the perceniage of students contect. the pomnt-biserial corre-
Latton o cach item with 1ty test Part ogether with ity sigmaticance fevel. and the conelation
of cach item witk all skaills wathin 1s Part of the battery. The conelations for cach item
e anbiassed i that they were caleulated atter that paraeular iem had been removed.
Al the correaations of stems wiin each skill have been corrected tor attenuation to
dccount Tor the vanation m reliabihity berween ditferent skili tests.

TABLE 3

Statistics for Individual 1tems

Unbuwed
Part skl dwem § T Uorrect Correlation Fe)
with Part

Unbiassed Correlation®
with Skiils

; Skinl 1 Skill 2
A 1 3 57 0.33 0.0001 0.39 0.306
A 2 19 N2 043 0.0001 047 0.34
Skill 3 Skill g Skl 5 Skill 6
B 3 33 63 0.55 01.0001 0.03 0.53 0.49 047
B 4 40 d6 0.31 0.0001 0.50 V.09 0.39 .43
B 5 37 89 0.26 0.001 0.21 0.18, 040 0.25
B o 71 38 0.39 0.6001 0.35 0.38 0.29 0.43
Skill7 Skill8 Skil9
C 7 87 79 0406 0.0001 065 0.2% 0.41
C 8 101 84 0.28 0.001 028 043 0.18
C 9 106 50 0.14 0.05 0.08 -0.06 0.40

* These correlations have been corrected for attenuation.

The data in Table 3 can be used in three ways to guide the writing of a final
version of TOES. Firstly, where a skill test hus numerous items of the seme difficulty
level. the removal of some of these items would reduce test length without adversely
atfecting the test's sensitivity. Secondly, since each test is intended to measure a unique
skill, the construct validity of each test can be improved by removing each item not
significantly correlated with both the skill and Part 1o which it belongs. Thirdly, if an
item is located within the correct skill, its correlation with its own skill shoulu be larger
than its correlation with any other skills contained in the same teswPart. Consequently,
the removal of any item that diverges much from this criterion would also strengthen
the construct validity of a skill test, ‘
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Writing the final version

From the previous dicussion. 4 summary van now be made of suggestions to guide
the rewnung of TOES Frntdy Cthe two shall tests with inappropriate sensiivity will need
W berewntten, adminntered agam and reanalyzed. Secondly o aimprove construct valid-
1y At advisable 1o remove those items winch are either not sigmticantly correlated with
1ests s 4 Whuole o1 whose cotreiation s higher with other skalls in the battery than with s
own il Once tems are temoved Bromy 10y, however, 1t iy Jesirable 1o ascertaim the new
Jatnliodl dharacternsiies of the battery by ac-analy zing 1ral data atter those wems have
been remnved

Fo the stems that remaim atter applyng the provedures ahove, only very minor
chatiges shoudd e made m wordimg Labellimg of diagrams or chowee of dntracton, These
nuna Changes could be based upon the opinony of measurement experiy who have scrutin-
eed TOES. intonmation obtained by interviewing the students who tnalled TOES oy from
the distiact o analvas rom the adnomstration ot TOES.
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APPENDIX — SAMPLE TEST ITEMS

Skdi 1 - Library Usage

Frpure 1 below shows copies of several pages from a dictionary . Use these to answe
Questiomy 3 o,

FIGURE 1

HUSKY Ik

v
s
<

ICICLE 331 IDLE

1DOL 532 ILLATION

ILLEGAL 533 IMITATION

IMMATURE 334 IMMUNE

mumature . a., ot mature,

immediate, a.. having no intervening medium; occurring
at once.

immemorable, a.. not memorable.
immemorial, a., ancient beyond memory.

immense, a.. vast, huge; {sl.) very good.

immerse. v.. dip or plunge into liquid.

immigrant, n.. one who settles in a new country.

imminent, 3., impending. about to occur.

immiscible, a., cannot be mixed.

immobile. a., immovable; motionless.

immune, d., secure, exempt.

3. On which dictionary page in Figure 1 would you find the wo.d *igloo™

A Page 530
B Page 531
C Page 532
D  Page 533
Q E  None of the above
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Skiil 2 . Index and Taple of Contents

TABLE OF CONTENTS

CHAPTER PAGE
| ARRIVAL OF THE ABORICINES 5
The Joumey to Australia 5
tarly Tubal Areas 8
Adapung 1o the Environment 9
2 ARRIVAL OF THE WHITE MAN 11
Treatment of Abaorigines by White Man 11
Reaction of Abungines to White Man 15
3 DISTINGUISHING BETWEEN TRIBES 17
Arcas of Settlement 18
Language 20
Hunung Grounds 21
Differences i Laws 22
4 UNDERS FANDING ABORIGINAL ATTITUDES 25
(Class Stucture 26
Muarnag? 31
{lness 34
Death 39
5 ABORIGINAL CUST..MS 45
Inttation Ceremonies 45
Corrobuorees 49
Walkabouts 52
Religion 56
6 ABCRIGINAL CRAFTSMANSHIP 58
Paintings 59
Making Tools for Food Gathering 66
Aboriginal Musical Instruments 69
7 ABORIGINES TODAY 79
How and Where They L. = Today 30
Famous Aborigines : 83
Attitudes of the Government 4 85

19. Information about Evorne Goolagong (the well-known tennis player) would be found

in
A Chapter 1.
B Chapter 3.
C Chapter 4.
D  Chapter6.
£  hapter 7.
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Skl 3 Scales

BLOCK

{ 1 1 i 1 1 4 1 1 i

v 10 20 30 40

CENTIMETRES

350 The dength of the block of wood mn Figuie 13 1s

A 28 cenumetres.
B 20 centimetres.
¢ 15 centimetres.
D 30 centimetres.
E 35 centimetres.

Skill 4 - Averages. Percentages and Prooortions

In a football match the winning team kicked a total of 20 goals. The names of the 4 goal-
Kickers together with the number of goals kicked by each person are shown below.

Name of Goal-kicker Number of Goals Kicked
Jim 10
Bill 5
Alex 3
Jazk _2
20

Use this information to answer Questions 40 46 below.

40. The average (mean) number of goals kicked by Jim, Bill, Alex and Jack was

A 4

B

C 6

D 10
O

E 20




Skill § : Charts and Tables

CRIME

Statistics

9]

IN AUSTRALIA

for house burglaries

for years 1967 and 1969

14000 _
]‘:00 L 4 (5 1967
W 1969
w1000 1 |
a ‘
X K
< e
S 800 )
2 * —
w AN
o 600 | - - k7
x LN r? -
3 A S K /
= N 4 k4 X
: 4UU F ) _/ ) V\ J) oY
F4 k,/‘\ 4 )\ /
X/ " R K /) S
d
200 ‘ > )
4 > ,
() < —
0 N N
NSW. VIC. QLD. S.A. W.A. TAS.
STATE

27.  Which state had 500 burglaries in 1967?

A

mo N

Tasmania

South Australia
Victoria

Western Australia

Queensland




Shii 6 Graphs

The yraph below has been diawn from information obtaned duiing 4 series oF cir 1ests it
Satdown 1 shows the speed of two cars at ditterent tmes. Use this graph to answes
Vacstouy on " hejow
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TIME AFTER START OF RACE (SECONDS)

71, After 60 seconds. the speed of the Faleon G.T.

is greater than the speed of the Holden Monaro.
is 1wy than the speed of the Holden Monaro.

is equal to the speed of the Holden Monaro.

T Now o>

cannot be predicted from the graph.

O
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Skl 7 . Comprehension ot Science Reading

Uve the podlowing paragraphys 1o answer Quosiions 8o SN helow,

Par

Par

Par

Par.

Far

Par

Par.

7.

O
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Did » ou know that many bird songs are not tor the enjoyment of man buta
means of tellmg vther birds W stay away? Betore selecting a female for a mate
e muale bird stahes vt a terntory. He does tis by “ighting with, and chas-
myg vut. other bards trom the chosen area.

Atter a4 mare s selected 4 nest is burdt by the pair of birds and eggs are laid
py the female Usuathy ans the mother bird that Keeps the eggs warnn, She
G ol e nest tor sany davs whiie the eggs are mcubating.

Durng the first few weeks atter the young birds hatch they eat a huge amount
of tond. The poor parent burds are Kept so busy flving long distances o
collect suitable tood that they get very thin

The yvoung bird which hatches first gets most of the food. grows faster and
may even push other y oung birds out of the nest.

While on he ground the fledghngs are quickly eaten by enemies such as owls
and cats.

Some parent birds wvercome the food problem by collecting and storing food
for a few days hefore the eggs are due to hatch.

One such bird is the crested bellbird. These birds collect caterpillars, cripple
them and place them on the branches of u trec near the nest.

The way a bird claims its living area is described in

Paragraph 1.
Paragraph 2.
Paragraph 4.
Paragraph §.

o N & >

Paragraph 6.
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Skl 8 Design of Experimental Procedures

101 Below are tive contaimers which can be used for measurmg amounts of hyud.
A B C D E
1 500 ml
J250mi !
] J {100 ml K
150 ml ] i .1
4 i !
~ 10 ml . ; !
1
i

Which ot the above containers would be the most gecurare tor you to use to measure
S millilitres of water?

Container A

Container B

Container C

Container D

m o M @ B

Container E

Skill 9 : Conciusions and Generalizations

106. The builder says: “Some Zanians live in round houses. Those people over there
are Zanians™.

Which one of the statements below follows from what the builder said?

A Those people must live in round houses.
B Those pcople could not live in round houses.

C  Wedon't know whether those people live in
round houses ornot.  §

L4
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FROM THE TWO CULTURES TO MONEY:
TRENDS IN ENROLMENT IN HSC SUBJECTS IN VICTORIA

R T Whire

The phrase “thight trom Saence” has heen cutient ever since the publication of
the Damton report £ 19a8 1, which showea that i Boitain the numbers of students in upper
seeondan schouhstuadying soenes wes tallimg. Shondy after the repert appeared there
were several mvestigations of whether there was a smilar trend in Australia (Mackay 1968
Thomten 1965, White 1909 Stranks 1909 Fensham 1970). The conclusions uf these
stdies dittered 1o o degree, because of the different methods employess to identify any
tall i populanty of Science. but n general 1t was clear that af there were uny trend at all
AWy Trom Saence then 1 was nowhere near as severe as i Bntam.  Because there may have
been a vhange m the Australian situation simee the first group of studies. this paper pre-
sents an updated eport of enroaments for the Higher School Certificate (formerly Matrie-
ulation) examimaton m icrona. No figures are presented tor other States. Sheedy
(197 2) has a vomparable. but not exactly parallel, set of data for New South Wales. Since
trends 1 enrolment have mpenant wnplications for administrators, curricalum construct-
ony. teachers. and the public in general 1t 1s hoped that this paper will stimulate the
extraction of correspondmg figures tor the 1est of the Commonwealth.

Conclusions about trends in enrolment are. to some extent. dependent on the in-
dex used to measure the trend. Several indices have been used in earlie studies. Their
pnplications are discussed below,

School or university enrolments?

When une s trying to check whether there has been a decline in popularity of
Science s o ficld of study. all of junior secondary , senior secondary . and undergraduate
enrolments may seem appropriate for investigation. All suffer from disadvantages. At
junior secondary level few students have a wide range of choice of their curriculum: the
decisions are made for them by the school, overtly or covertlv. Enrolments in subjects at
junior secondary level are determined by administrators, not by students. Undergraduate
enrolments are similarly directly determine d by bureaucratic decision in Victoria, where
for muny years quotas have been applied to all univessity faculties. Thomton (1968) and
Stranks (1969) included university enrolments in their discussions, but, as measures of
popularity of subjects. nrolments and the concomitant figure, number of degrees awarded,
are invalid.

Greatest freedom of choice exists in upper secondary school, though quotas have
an indirect effect here. 1f students perceive that it is very difficult to enter a Science or
Science-based faculty such as Medicine or Engineering, then many will prefer to aim at an
casier target by studying non-Science subjects in their final school years.

None of junior secondary, senior secondary, ur university enrolments is entirely
satistactory as a measure of trends in popularity of subject areas, where factors outside the
Q intrinsic appeal of the subjects are 10 be excluded. but because the greatest element of free

Aruitoxt provided by Eic:
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vhowce o the semor sweondary enroliments they e preteranie w the others,

The tinst chowee is 1o operate onsentor secondary school entelnents, m this case
the numbens curolled tor the Higher School Cernficate examination in Victona, The next
CGrowee iy bemween absolute numbers, welaive proporiions, aind propotiions of the relevam
populanon, choosng each subject.

Abvolute numbers

Because the population is growimy, absolute numbers study ing each subject can
be enpected omcrease. Theae iy also a general trend for people - stay v longer at
school which alvo should increase the subject entolments. Theretore v only when the
populanty ot g subject s m marked declne that the numbers enrolled tor it will fall. and
only then will absolute numbers provide a clear and usetul index. Thas was the case Tor
Saience i Britam from 1964 on. and was the cause tor the widespread concern generated
by the Damron report. Up to 1908, when the carher Australian invesugaions were varied
out, there was no such fall 1 absolute numbers in this country. The Victonan figures
stiee then show that there sre still increasing sumbers enrolled for Science subjects. Table
T twhich is shown as a greph i figure 1) contains the comparative tigures for England and
Wales and Victona - The Britnsh figures are tor first year oth forni and derived from in-
formation given on page Y of the Danton report. The sum of enrolments for Higher School
Cerntivate Physics and Biology {V.U.S.E.B. 1964.1974) is used in the Victrian figures.
This would seem a reasonable index. for fow students take both subjects: their total
should give a farrdy consistent relative measure of the popularity of science subjects so long
as other factors remain constant, It would not. for instance, be a sensible measure if a new
science subject were introduced. No changes likely to affect the use of this index appear
to heve occurred in the decade covered by Table 1.

TABLE 1

Numbers of students in science courses in 8th form,
relative to 1962 enrolment

1962 | 1963 | 1963 | 1965 | 1966 | 1967 { 1968 | 1969 | 1970 ] 1971 1972

Englana
& wales

Victoria 1.000] 1.112§1.373 {1520 1.620{ 1.687 | 1.916 { 2.300 | 2.613] 2.721 } 2.783

1.000{ 1.100]1.22% 1.17a] 1.148 ]| 1117 | 1.059 - - - -

Since the ah,olute numbers enrolled for Scie—¢ subjects in Victoria are increasing
at the same time as the population i< increasing, fittle more can be deduced from Table 1
than that there is not su severe a flight from Science in Victoria as there is in Britain, if
there is any flight at all. An index independent of the growth in population is needed be-
ture more information can be obtained from the enivlment figures.

Relative proportions

The reiative popularities of subjects are independent of growth in population.
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3
2%
1
England & Wales
1 1 1 1 ) 1 1 1 P

1962 63 64 65 66 67 68 69 70 T1 T2

Fig. 1. Numbers of students in science courses in sixth form,

relative to 1962 numbers.

i A A i 1 A A A 3 A 2 2

0 A
1959 60 61 62 63 64 65 66 67 68 6 0 71 T2

Victorian sixth form enrolments as a percentsge of fourth form

enrolments two years earlier.
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Mackay (V0N produced graphs o the faction, jor cach subject. ot the number cialled
tor the subject divie < by the miember of students enrolied tor the whaole Matniculation
avanunation. The weaknes ot elatine proportions s that they do not ke i account
shits i the 1y pe of pepulabon entenng sinth form, Where thie shiit can be idenntied and
measured. allowance can be made. For example. there has been a sinftm propotiion ot
males and females. Table 2 twhich s shown asa graph w figuie 23 shows the compartatives
IV great marcase 1 proporten of pady staving at school. The figures were deimved from
tables supphed by i Commuonwealth Bureaw of Census and Statistics {1900 1973),
Dirterent preferences of the senes for ditferent subjects may cause this shatt to produce a
rall i refative populanay of some subjects, such as Physics, that have never been popular
with girds, and 3 nse Tor others. such as Biology. Because of thas, Mackay prosented separ
ate resulls tor the two senes.

TABLE 2

Victoriar 6th form enrolments as a percentage of
Jth form enrolments two years earlier

- —

T 1
19‘59!!960%19t~‘ 1962;1963;1964 1965 | 1966 [ 1967 {1968]1969}1970 {1971 19,2
U U SRS SRR S
Boys [33.0 ,33.3 :135.1 ]37.2 "37.313%5 136.2a | 37.6 137.3 |{27.8 {39.6 |40.6 |40.3 {41.2
, .
b |

Grrig izl\l 122.6 249 [ 26.2 i29.3 28.5 1299 {31.2 30.2 {33.2 |36.9 {38.5 {39.7 §40.4

3 N

Mackay 's results showed that bewveen 1959 and 1967, for both males and females.
there was a decling in the relative proportions studying physical science and French, and a
rise for Biology und Geography. These trends could. however, be due to shifts in the type
of population other than in proportions of the sexes. For instance. as the proportion in
the population of sixteen and seventeen year olds remaining to sixth form increases, it can
be expected that the fraction of less able students will icnrease {(apart from other changes
such as the proportions of people from different econontic vackgrounds). It has been
shown that in the past the Sciences attracted the more able students {A.C.E.R. 1964). so
it could be expected that as more people seek education a lower proportion of those re-
maining at school will choose the present science subjects.

Changes such as general ability in the sixth-form population are not easily allow-
¢d for when using relative proportions, but become irrelevant when the proportions of the
maximum possible sixth form population are calculated and compared for each subject.

Proportions of the relevant population

Calculation of this index is made Jifficult by the lack of accurate figures for the
number of people who could have been in sixth form in any one year h:d they all stayed
on at school. Total numbers in. say. the seventeen year old age group are not satisfactory
because the relation between this figure and the possible sixth form population, which
would include a spread of ages. is unknown, and may vary with time because of changed
admission policies in primary schools long before. Perhaps the most reasonable cstimate
hased on readily -available figures is the total enrolment two years earlier in form four. Use
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of this e to estimate the maximum possble sixth-fomm population assumes that the
PrOPUTLIOR ALy g on to Towrth fonn iemains reasonably constam trom year o year, It
would be sater 1o use thud Torm tigates thice yeans cardier, o1 finst form figures five years
catler. but these du not seem o be avadable. Use of the Tourth form figure also assumes
hat the numbers o) Matre-gge. recentamnugrant, and repeating candidates are either
neghgible o1 aie m propottion 1o the wotal carolment. whach can probably be accepied as
reasonably Thely . One turther asumption i mvolved i the figares presented below in
Table 3. In comadenng the proporion who go on to Higher School Cernficate in Victonia,
1 would be preterable if entolments w forms tour in high schouls and private schools only
were used. since veny Taw techmeal schoul students enter for this examinnon, Possibly
separate totals Tor hgh private. and techmeal schools exsst but only the combined total
was ovatlable at the nme of witimge Jsoase in the comstiuction of Table 3 (which is shown
as @ graph w tguie 3) asumes 4 elaivey constant rano between technical school and
total envolments m o Tour fom one vear to the next

In consticnng Table 30 the numbers enrolled in the subjects were taken from the
Victoran Unnersities and Schools Examimarzions Board Handbuoks (1958-1974), and the
pumbers 1 Heurth lorm were tahen from the Schools publications of the Commonwealth
Buteau v Censos and Statintics (1957197 3),

On the 1936 1o 1968 tiguies of Table 3, White {1969) urgued that for boys there
was no evidence of a thght from science. Until then the Physics and Biology tigures showed
an effectively constant attraction by these subjects. Since then a change has ocearred. in
1972 Physics suftered 4 serious dechne: so great was this decline that the absolute numbers
chooang Physies ell while the population rose. Biology. in contrast, showed a marked
rse. The same features can be seen i the graphs for girls. though the downturn for Physics
I ot so anvere, and the rise in Brology, which has been going on since 1960. is even more
spectacular than for boys. White also argued that tor boys Literature and French had
sutfered a serious decline.  The dechne has been arrested tor Literature, while French has
faded away 103 ven minor subject with prospects of following Latin into oblivion. For
girly the same sertous dechne can be seen tor French: Literature, except in the last year,
has continued to grow and remains the most popular subject other than English. The rise
m Geography . which was apparent up to 1968, now seems 10 be reversing. What White
11969 called the most striking feature of enrolments up to 1968, the surge in Economics
and the subjects ikely to be associated with it. Social Studies and Accounting. is even more
marked. Physics. which was for a long time the most popular subject for boys, has been
passed by Leonomics. The totet entoiment for boys and girls in Social Studies leapt by 40%
in 1972, Accounting has risen from an insignificant subject to pass Literature, and, if
present trends are maintained, will soon be inore popuiar than Geography for boys.

These figures show that there has not been a flight from science in Victoria, but
there has been a man ' ed change in enrolment within the sciences from physical science
(the figures for Chemistry are closely parallel with Physics) to biological science; that there
has not been a swing to the humanities: but there has been a niarked tlight to commence.

It 13 not the purpose of this paper to identify causes of these trends. However. it
may he nsetul 10 suggest some possible causes. which are open for future researchers to
mvestgale.
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1 Wik mrore hildien stay g on at sehools, and thuy larger sixth torms, schools
ate muore able 1o establish classes wsubjects such as Biology , which were previously un-
conomie 1o an

(J

More weachers of Biology . Eeonomies, and Accounting have appeared in
schionds,

3 The generad tiend i the community away from authoritarianism has caused
2 Jack of swmparhy with subjects such as Phywies and French thatare perceived as rigorous

3 Chowe o suhjects w fargely determined by percepuions of how ditficult the
subjets e and there v a growing tendency to seek the eastest subjects.

3. Nubject choice is determned by employment plans. and these have changed
hecase of publivity eiven to failure of physical science graduates 1o find smtable positions.

v, Subject choice is determined by experiences in junior forms, and the loss of
populany of Physies tand Chenmistry and the mathematics subjects) is atrributable w the
pensistent shortage of qualified and experienced teachers of these subjecis.

1t must be stressed again that these are hypotheses only. and do not necessarily
reflect the opmion of the wniter.

The trends that have been wWdentitied, and their possible causes (whatever they may
be). pose a number of questions for the community. Answers to the questions will be a
matter of upmion. but it is preferable that opinions are formed after consideration, and that
a comsensus should be reached if possible. 1t should at least be discussed whether the trends
are n the community s best interests. rather than to allow changes to occur unconsidered
and unremarked. Although it is not intended to give or imply answers to any of the
questions that may be of interest. 1t may be usetul to list some possible questions below.

1. Isit desirable for growth to ovcur in neither of the ““two cultures™ while
rapid growth occurs in subjects vutside their scope?

2 Is it satisfactory for about one boy in six and one girl in twenty to be study-
y 8 y

ing Physics at 6th form level?

3. Should generalist subjects like Social Studies be encouraged? Should there
be a scientitic counterpart?

4. Are enough students studying Literature?

5. 1sit desirable that hardly any boys and very few girls are studying a foreign
language at sixth form?

6.  What changes should tertiary institutions make in their practices in con-
sequence of these trends?
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CONTENT ANALYSIS AS A TECHNIOUE FOR DETERMINING THE
STRUCTURE OF TEXTMATERIALS

Brian W Carss

Introduction

The vngin of this development stems from a project which was funded by The U.S.
Office of Education m 1908 called Cognitive Memory.  This was an interdisciplinary pro-
yeot based 1 the Covrdimated Science Laboratory of the University of Hlinois. The raain
amms of thiy progeet were o develop the software for the retrieval of information froma
large, generalived Jata bank. This was not to be retrieval in the normal sense of the werd
however. where the entire data bank was to be searched in an exhaustive manner in order
to find the preces of information that were required. Rather, an attempt was made to
develop a search strategy which would simulate in some way, the way in which human be-
gy 1etneve imtormation from their own memones. Obviously the speed with which a
human can “remember 3 gven fact {(in about 0.1 second) precludes any pussibility of
carrymg out 4 complete search of all of his 10° neurons. Individual facts after having been
assinulated by the bram are linked into associative structures and signposted in such a way
Mt retrieval of 3 Tact, also allows retrieval of a mass of assoviated information. The
Cogmitive Memory project made an attempt understand how to store information in a
data bank so that 11 was automatically signposted.

Although a considerable amount of research effort is being devoted to this very
problem by a number of research teams, little real headway has becn made because of
the ditficulty in relating written symbols to meaning without ambiguity. Results are
encouraging, but an operating system is still a long way off.

My particular area of interest in the Cognitive Memory project had been in the use
of word frequencies as a means of Content Analysis, and it was this background that was
used as a starting point for this project.

The basic assumption upon which this analysis is based is that there exists
sufficient meaning within selected words of a piece of text, and their relative distribution
and location to determine major themes. In other words, it is necessary to generate the
informational categories wath which many content analysis systems begin.

Each document is divided into a number of paragraphs and a word frequency count
of a selested group of words is recorded. A paragraph was selected as the informational
quantum for analysis purposes because an idea or concept is usually contained within one
or sevecal paragraphs but not in anything less than a whole paragraph. Using these frequency
data. intercorrelations among all words are obtained. These intercorrelations represent the
degree of co-occurrence or association between words as they occur in the various paragraphs
of the text materials.

The matrix of intercorrelations is subjected to a principal components analysis to
determin.. in a systematic fashion. those components which can account for the inter-
Q  correlation matrix in some meaningful way. By definition, the number of principal com-
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Poncniy wall beveny many tewer than the number o1 words i the Jata baswe However, the
penaliies that must be pand 1or this seduchion m the amount of matenal 1o be mampudated.
A relited o madnessze, program minmng tme and actor merpretabiiny s the
Mapose oF His paper 1o desenibe how s can be acieved.

Description of the Syatem

A maost natunal linpuage studies, naing a computer demands that the e\t
Matsaly must be i o nadhimereadable torm This Danslation of waitien wxtinto g
e readable forns av e expenaie operation, so that any savings oo can be achiev-
o st be explonted 1o the tall Inorder 1o overcome unnccessany enpemse and to merease
aceatay it was teend dearabdle e chanate sl manaad coding where posable. In thay
stadn b Conplere vt was trgnronbed dised iy onto punched candss whisnch anter proots

cading and Correcnng senvad as Tae taw data tormput 1o the find stage of the analya,

Phe st amalv nead sep i the analvsis mvolves derenmauimy waoad frequencies o
Tooawiade et ad tnon on g paragraph by patagraph basis. Certmn asses of words are
tetad ac matically becanse they vecun so freguentdy o o ubigquitoasdy - that thenr
atorat v oontent s oanall These words all belong to ane of the tollowang groups, con-

varoto e rerean e poetans and the Jenmee and indetinne aincles

Dae 1o the lnatahions of 1he swe o avanlable computesr memony and machme
spead cottaan other words have o be deleted from the other end of the frequenay spece
e Tesinsually means that all of the waonds that yust occar onee are delered, Del voa
otwendy that accur once appears o be reasonable. singe we are particulatly interested in
the ciutiomstaps that exst between paragraphs, and these singleton words can not contnb-
an any thang 1o the hnowdedge of mier-paragraph welanonships, Succesave deletion of the
least trequenthy occurnmg words Is continued until a corpus of words that will fivinto the
aalable compuater mamon s obtaned.

The second paws through the preprocessing program detenmines the frequency of
the selected words ineach paragraph and this word frequency/paragraph mamns forms the
basisy of the mput 1o the second stage of the analy sis which is a principal componenis
analy as.

Each principal component that is extracted consists of a number of words that are
must hghly correlated and taken together define a Thematic Elemeny, (T 1D e
puncipal components are rotated to simple structure using a Varimax rotation in order to
make the thematic elements more casily interpreted. The final step in this stage of the
analy sis s 10 caleulate the factor scores fer cach of the paragraphs. The tactor scores re-
present the “amount” of each thematic element in cach paragraph.

The matrix of tactor scores is printed and stored on a disk file at the same time.
The factor score matnix 1s the mput data for the final step in the analysis. a correlation
analysis. A diagrasnmatic representation of the steps in the analysis are shown in Figure 1.
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Intellect
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Vanable

Learning theory
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TABLE 1

Educational Psychology : A Cognitive View

80
78
78

R} |
50
49
30

a7
a1

80
79

Meaningful learning 84

Reception learning 81

Task
Rote

Problems
Applizd

Research
Solution
Relevance

Science

79
77

78
76

71
57
50
48

10.

Concern
Schow)
Academic
Swdent
Intellect

Curriculum

Commonsense
Psychology
Theory

Principles

Verbal
Concept
Process

Empiricai

Function

Subject matter

Discovery learning

Pupils
Teaching

Motivation

78
77
71
b6
47
40

80
77
61
49

82
82
53
51

75
39

78
69
41
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0 the crosscotrelation analysis, the tactor scores for each thematic element, when
plotted on g paragraph basts. can be regarded as a e serivs. Each factor scote trace &
cross-cortelated with every other trave with lags of Q and 1.

A lag or' U means that the traces are set side by side without any lateral shift in the
patagraphs. In thiy case if the conelation was high. then it would be interpretad that for
most of the text under consideration these two thematic clements are present together.
With a kg of 1. there s a lateral shift of one paragraph for the two thematic element traces.
A high correlation 1 this case. would be interpreted that vne theme is followed by another
throughout most of the text

Dunng the crossscorrelation phase of the analysis all pairs of thematic element
tiaces are cross-cortelated with each other and the results printed. Only correlations which
are sgnitivant at the .05 significance level are considered for further interpretation.

The mterpretanon phase has two parts. The fiist, the actual structure of the
watten teat 1 plotted uang the factor scores data and the information gained from the
chos-cortelation The decision as 1o whether a particular thematic element is present in a
paray saph depends on whether ity factor score excceds a critical threshold value or not. At
this stage 10 the Jevelopment of the technique we do not have any definite guidelines as 1o
what 1y an approprate threshold value. However. we have applied a cutoff value of +or -1,
and this seems 1o work reasonably well Tor the text that we have analyzed so far. The cross-
cortelation mdicates which thenuatic elements +an be joined because of the signifivant
cortelation between them. The resulting diagram is a pictorial representation of the rexy
Mruoture.

The second part. can be regarded as the idealized structure in that a plot is con-
structed from those highly correlated thematic traces which could theoretically follow each
other. In this plot no temporal sequence of paragraphs is implied. By tracing the various
pathways thiough this plot. one can trace the development of a series of concepts.

(Figures 2, 3).

Nlustrative Examples

The first example is the first chapter of D.P. Ausubei’s book Educational Psychol-
ogy © A Cognitive View. Holt. Rinehart & Winston. 1968. The chapter itself is called ‘The
role and scope of educational psychology™. It was divided into 96 paragraphs. and the
analysis carried vut as described carlier. Twenty four thematic elemrents were extracted
accounting for 78.577 of the variance and of these 24, only 15 were interpreted. The cross-
correlation analysis was carried only on these 15 thematic elemenis.

The partial idealized structural pattern is shown in Figure 2. Only 1 partial ideal-
ized structy-e is presented here in order to avoid confusion. What is presented, is enough
to illustrate the technique. Figure 2(¢c) shows three scquential thematic elements. where
sequential is defined as the continued occurrence of the same thematic element. 1t would
appear that in this type of writing, the same concept is being developed within itself and is
not being maodified by reference to any external theme.
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FIGURE 2

3 3 The mmportance of the acquisition of
knowledge as an end in itself is given a

/ higher value.

! Intrapersonal factors within the learner
{cognitive struct.: devel. readiness: intell.
ability: motiv. & pers. vars.)

13 13 Situational factors i the learning situation.

3 Comparision of the relationship between
Ed. Psych. & Commonsense.

8 Theories of learning vs. Theories of Teach-
ing.
2 2 2 Types of Learning: meaningful vs. rote

reception vs discovery.

(b)

10 i0 10 Acquisition of concepts & proposiiions
through inductive processing of verbal and
nonverbal experiences.

4 4 4 Extrapolated basic science research in the
applied disciplines.
{<)

6 6 6 Contrasting reception and discovery learn-
ing.

9 9 9 Relationship of teaching and learning.
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In Fagwre 2th) by compansion, thematie clement 20 develops a compaion be
meen meanngtud learnmg and rore feamnmyg and reception versas discoveny Tearmmge - Tins
theme i progressively modified by anuther themane element. theme 100 which discusses
the acquisttion of voncepts and proposiions through verbal and nonverbal expenences. In
At words theme 10 beng used 1o supph examples o the development of theme 2

Frgure 2(a) s by far the most complen set of thematie mteraeltonshups. Fow
thematie elements 3. 1.5, a3 N are all sequenual i character but with very ditferent
hands o inter-relanonship patterny. For example. theme 11s boing progressively modatied
by theme 13w exactly the same way that theme 10 modified theme 2 Fagure 2(b).
However. theme 1 in turm modities theme 3 wineh from ity interpretation would appear 1o
be at 1 haghet {evel of abstraction. Theme 13 abo modifies themes S and 8 and also senes
as 4 mhang theme between 1, 3 and Sand S,

The second example 15 Chapter 9 of 4 geography book which discusses the stiuet-
are and undethung concepts of yeography as 4 dsciphine. The buok by DL Harvey s valled
‘Laws and Theones i Geography . 1t can be seen 1rom the wdealined structunal diagram
(Fagure 3) that the structure 1s 3 much muore complen one. than we have just seen ol
Ausubel. Twenty four thematie elements were extiacted. notali ot which could be inter-
Mcied meanmingtully - The whaole o the adealised structure has not been presented here bes
cauye o ity complexay. The partial dugram (Frgure 3) that is shown here. however, showws
wveral mportant features. Forexample. one can see on the far left side of the diagram how
thematic element § acts as an imttator, and is linked directly o five other thematic clements.
Thematic component $ is actually a discussion of the basic postulates tor theory in geogiaphy
and so in that sense. it serves as an advance organizer. In contrast to thematic element 3,
theme 4. on the nght hand side of the diagram serves as a summary. The interpretation of
the themnatic component shows it o develop a general theory in geography which explores
the links between spatial torm and temporal processes.

In this diagram too, one van trace the development of a particular set ot ideas as
shown by the pathway through themes 2. 7. 18,4 and 1. (Table 2). Theme 2 s conceried
with the derivation of laws in geography: theme 7 discusses how geographers use very
specific examples to illustrate a point; 18 would appear to be some padding and concerned
with interaction: + explores the links between spatial form and temporal processes and
tinally theme 1 deals with how the ergodic hypothesis may be used to link temporal behav-
iour with spatial form.

An even better example of the progressive development of a set of conepts would
be the pathway defined by the themes 20,17, 16, 4. 1 (Table 2). Theme 20 describes how
human geographers make use of the methods derived from social scientists in attemping 10
cxplam geographic phenomena.

Theme 17 gives definitions of geography which give nise to a set of questions pur-
sued in research in geography : 16 states that geographers must be aware of the empirical
atus of the laws derived from other disciplines: and we are back to them 4 again.
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TABLE 2

HARVEY THEMATIC COMPONENTS

‘L

l)\

1.

13.

15.

16.

17.

The ergadic hy pothests may be ased to ink temporal behaviour with spatial torm.
Methodological universahiny and the denvation of laws in geography.

Generad theory 1n gengraphy explores the links between spatial torm and temporal
Process,

The establishment of bawic postulates for theory m geography.
Geographers frequently use statements ot low order generality.
Physical geography applies laws derived from physics.

The voncept of region in geography may perform the same function as that of class

M AWICIG.

Geometry provides the language used in discussing the sets of relationships inherent
in problems of geographical interest.

1t has been argued that universal laws have no relevance to cultural geography because
of the differences in the value systems of different cultures.

The literature of the subject provides a wealth of source material from which to
derive an understanding of the nature of geography.

There are problems of formulating laws in geography as is apparent in the studies of
several research workers.

Geographers must be aware of the empirical status of the laws derived from other
disciplines.

Definitions of geography give rise to a set of questions pursued in research in
geography.

Probably discard. Very generally concerned with interaction.
Some concepts used by geographers are derived from other disciplines.

Some concepts are indigenous to geography (and may be used in the development of
theory n geography ).
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Areas of possible application

Five main areas of application of this technique spring weadily to mind and they
are m.

{1 Information storage and retrieval

{2, Development of reading tests of ta 7 Joze type.
(3} Analysis ot dialogue

{#) Textbook evaluation

(5)  Curnculum development,

It the idealized structural network was developed using woids from abstracts of a
selection of rescarch papers and books then the network diagram itself would represent a
developme ntal history of that particular subject area. The various pathways through the
network would show how a particular idea was developed and how it was related to other
wdeas. For example, if vne was working in the field of Early Childhood Education, there is
a considerable body of research literature concerned with human intellectual development
and it is possible to trace the development of current practice through a sequence of relat
ed rescarch documents. There is also, 1 body of related knowledge which deals with the
wlationship between nutntion and intadiectual development. Where these two pathways
intersect in the network diagram one would exgpect to find a selection of documents deal
ing with aspects of nutrition and its effect on intellectual development in ECE. There is
really nothing new in this idea because in tact, this is precisely how the present library card
catalogue system works. However, one can imagine with the idea or concept linked cata-
logue, a user of the library would be supplied with a map of his particular area of interest
instead of having to rely on the card catalogue.

Secondly. in the development of Cloze type reading tests where certain words are
systematcally deleted and must then be replaced by tne person taking the test, deletion is
carried out systematically, say every eighth word. The use of text structural analysis would
allow systematic deletion of words occurring in only one thematic component.

Thirdly, in the analysis of dialogue such as may take place between a teacher and
a student. 1t would seem that the skill of a good teacher lies in his ability to match his level
discourse to the conceptual map of the student. By continuously monitoring and analys-
g the feedback that he recewves from his students, the teacher will be able to judge whether
the matenal he is trying to teach is beyond their grasp at that point in time or not. Analyses
of this kind could be used in teacher training programs to analyse discourse in microteaching
sessions,

Fourthly, the analysis of textbooks. So often the adoption of a textbook or the
recommendation of a particular textbook is an idiosyncratic decision. Maybe it is ihie lay-
out uf the pages or the particular type font that appeals to the teacher or lecturer that
feads 1o his recommending the book for use in a particular course. How much betier it
would be to have some objective means of evaluation, so that the teacher can be sure that
a1 of the stated objectives of the book have heen met. A thematic and structural wnalysis
o1 such a textbook would allow such an objective evatuation. In fact a doctoral dissertation
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» o completed here at the Liversity of Queensiand, at the moment in thas very area,
where tae geogiaphy 1exthoohs and sevesal research papers are being analysad i this way
i order 1o see 1t they have been witten according to the accepred structure of the dis-
apline and abyo to see it they are consistent with any leaming theory in cducational
paychology,

Finally, there s the area of curnculum development which is really an extension
of 1he textbuok analysis exeept that it would be an ongoing adaptive procedure in that the
analvsis would be carried out continuvusly during the development of the curriculum
matenals. 1t would not mean that there would be no more field trials or a need for eval-
uation. but 1ather 1t would speed up the whole process of producing a final version of the
matenials. So much tme. money and energy is presently wasted in trying to evaluate new
curnculum matenals. when it is an almost impossible task due to the interference effects of
the matersals. the classtoom environment, the teacher's characteristics and the student's
own motivational and personality variables.

The second half of this presentation is a description of just such an experiment in
curriculum evaluation where one small part of one of the ASEP units has been rewritten
and then taught i one uf the Brisbane metropolitan High Schools. (See Clarke’s article
which tollows,)
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THE ROLE OF THE CONTENT AND STRUCTURE OF
CURRICULUM MATERIAL IN COGNITION

Johm A, Clarke

Introduction

In recent years, numerous writers have highlighted the need for various types of
studies of ASEP matenials. in particular evaluative studies designed to determine whether
the picture of science presented in the materials is valid. (Moritz, 1972; Power, 1970).
What is reported here is an evaluation of the core of an ASEP unit “Pushes and Pulls™
{ASEP: 1972a) withou? the possible distorting influence of teachers, pupils and school
environment, a revision of the core on the basis of the evaluation, and a field trial of the
original and revised versions.

Curriculum evaluation

A conventional approach to curriculum development is shown diagrammatically
mn Figure 1. where “Tormative” evaluation (Scriven; 1967) takes place during development
and by the use of field trials.

Available teachable
cultural content

>—+ Development ——» Field Trials —— Final Product

Pre-tnial Field Trial
Specification formative formative
of Objectives evaluation evaluation
Feedback
FIGURE 1

Pre-trial formative evaluation is built into most curriculum development schemes
in the form of evaluation committees, (ASEP, 1971 Ramsay, 1971), referral to “‘experts”
{Grobman, 1969; Lockhard, 1968; Welch and Walberg, 1968), etc. Questions have been
asked about the objectivity of such procedures (e.g. Herron, 1966). However, most form-
ative evaluation seems to come from within the classroom, (Lockhard; 1968) and perhaps
more important are questions such as, how useful is the field-trial forimative evaluation
tfeedback. and how much is this information a true indication that the unit’s objectives have
been achieved? It is almost impossible to determine the amount of influence that teacher,
pupil and environmental factors may have in enhancing or inhibiting the objectives of the
curriculum developers. It may be suggested that what really matters is how the curriculum
“works™ in the field. The problem still remains however of differentiating between out-
comes due to the material and outcomes due to factors other than the curriculum and know-
ing how much possible output has been lost due to, or distorted by . ‘interference’.

Curriculum theorists Johnson (1967) and Macdonald (1965) recognize this problem
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when they note that cnrncuium evaluation i all too often conducted at the output poaimt
ot mstruction vather than at the mpat position. with the result that

. councalum evaluation iy confounded with msuucuonal evaluatnon.
Cutncudum serves s a enternon tor mstructional evaluation, vanatiom
M instrucion cacnet be perimtted to enter into the evaluation of
curriculum”™ Jobason: 1W67:135).

Some suggestions have been made as to how to overcome the ‘interference” prob-
lem. Johnson, for example. suggests that . . . . differences in instructional etfectiveness
must be controlled, randomized, or partialled out™. (Jbid) These methods may be ditticalt
and perhaps not completely successtul. The only sure way would seem 1o be to evalvate
beyore any tfield ials.

This pre-trial formative evatuation, should. in part. alluw an evaluation of the
podeatial of vhe material o allow pupils 1o achieve stated objectives, allowing a restructur-
ing of the content, it necessary. to more clesely approximate stated objectives defore
mterfering Neld-trial influences distort the outcomes, and hence allowing more reliability to
be placed on the outcomes of ticld trials.

In an attempt to do this, what s being suggested s, in addition to the perhaps oo
subjective (?) pre-trial tormative evaluation strategies presently being used. and in Keeping
with the idea that it is necessary to include elements "from the outside™ in formative eval-
uation {Ahmann. 1967:87). that there be a more odjecnive evaluation of the final pre-trial
product by means of an analysis of its content.

Content Analysis

Content analysis, defined broadly as

e a multipurpose research method developed specifically for in-
vestigating a broad spectrum of problems in which the content of
communication serves as a basis of inference™ {(Holsti, 1968:597).

or more specifically as

oo, a research technique for the objective, systematic and
yuantitative description of the manifest content of communication™
(Berlson,_ 1952:18).

has been used to investigate a diversity of problems.

A recent comprehensive review of content analysis research s given by Holsti
1196Y). Most of these studies. however. use cither a sophisticated analysis specifically de-
signed for a given purpose (e.g. The General Enquirer: sce Stone e7 al, 1966), or very simple
frequency counts. both of which have limitations. Further, there seems to be little study
m the education area. or more specifically in the science education area, most research
seerning to concentrate on history. polities. ete.
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1he evception 1o this may be readabality research wiwere attributes of content are
cortelated with case v1 comprehension Chatactenstics of text which have often been test-
od include vanous aspects of voabulary (diversity, hard words, long words, abstract words),
sentence stiactire dength, tpe number of prepesitional phrases or indeterminate clauses)
and human interest elements {personal pronouns, colourtul words). {Holsu, 1969).
Gardner 11968, using procedures based on eather work by Flesch {1948) evaluated the
readabiliny of the P3.SCLtent tor Austialian students. ASEP also used the Flesch read-
abihty formulas to prepare thenr matenals (" The ASEP Handbook: 46-50), and have devel-
oped 4 checklist Tor analysing the “style™ of their materials (Shepherd, 1972). Although
measuies of style and readability are obviously essential. the formulae ete. ¢an only check
on the comprehenwbility of the text. They can, in no way, check that the content itself is
valid. The approach here as o use a technique reported in an earlier paper {Carss: 1973)
on the core of “Pushes and Pulls™ (ASEP: 197 2a).

(a) tisolate the important themes ot the content,
t)  w detect structure, it any, and

{¢) twseeif the themes and the structure have the potential
to achieve the stated objectives.

Onve this has been done, useful objective pre-trial formative evaluation feedback
will be available as a guide for any rewriting that is necessary.

The original curriculum (C )
1. Thematic Elements

The Principal Component analysis isolated thirteen significant components which
accounted for $5.1% of the variance. In order to name these thematic elements effectively,
it was necessary. occasionally, to look at the text to see in what context the words occurr-
ed. A summuary of the themes appears in Table 1.

Theme 1 is obviously a “measuring” theme, combining both how to measure
{stretch, mark ) and what to use {rubber-band, metre-rule). The high loading of “centimetre”™
suggests a quantitative as well as a quafitative method of measuring. Theme 2 outlines the
structure of the total unit. including the core and options plus some idea of how to record
answers to small self-evaluation tests that occur throughout the unit. In Theme 3, apparat-
us {rubber ball on table) is being used to pose questions about forces.

Themes 4. S and 6 appear to be themes that one would expect 10 be related if any
structure exists. They describe a way of “seeing” forces act (6), and what they do when
they act (5). logically leading to an operational definition of detecting and measuring (4).
Whether these themes are. in fact, structurally related will emerge later.

Themes 7 and 8 are ““comparison” clusters. Theme 7 seems to suggest a “sensi-
tivity” theme  small and large force-measurers being calibrated against a standard. This
theme may be weakened by the lack of some quantitative words e.g. tenth, unit. Theme 8
15 an example of 3 theme where text consultation was required before a suitable name could
he apphied. 1t 1s suggesting. in fact. a preparation tor calibr “"on using washers that have the

MC‘same or different weights. -

IText Provided by ERIC
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TABLE 1
THEMATIC ELEMENT RXVAR]| WORDS IN THEMATIC ELEMENT {LOADINGS)
1] Intreductory remarks on SO {eennumete (M) amount (.50)
the phenomena of sretch (W) womark LSy
measirement mbber-band 1.83) eteaule {(52)
graph 1.03) leagth ((342)
; Mow (vi(oel) pull (M) (41

Y TOuiline of the unt S.3 |option {89) Tecurd book (.7 )
test {n){.83) Jmwer (1) (.39)
vore { .80) cach (39)
hook (.70) pefore (.42)

3 | Poaing Questions 5.2 {rubber-ball (B3 table (.83)
happen (37) question ((73)

{suppose {87)

4 ¢ Detinmmon in vperational J.o {definition {(83) ity 1.50)

eIy detect (X3) measie (.535)
how (.72) only (.52)
wll {.05)

S ] Compuarative etfects of 4.3 {change (v) (-85) much (-.56)

change of state shape {n){(-.85) know {-.52)
act{-.760) toree (n) (-495)

6 | Concept of a torce 4.3 |push{n)i81l) length {.51)
pull {n) ".830) word {(.48)
see {.71) something (41)
way {.53)

7 { Sensitivity of measuring 4.2 {large (-.79) force-measurer (-.46)

instruments newton (-.76) weight (-.43)
small {-.60) blade {-.40)

8 | Preparation for calibration | 39 |different {.77) many (.47)
weight {.58) result (.46)
same (.54) each (.46)

washer {.41)

9 | Assembling apparatus and | 3.7 |card (.60) force-measurer (.47)

developing standard scale mark (v){.59) now {42)
up {.57) your {.40)
zero (.53) blade (.40)

10 { Model of a scientist and 3.5 {scientist (-.88) find (-.45)

his methodology like (-.79) give (-.42)
word (-.58)

11 } Instructions on performing | 3.4 {add (-.78)

experiments, recording sinker (- .63)

and examining data do (-.43)

12 | Instructions on 3.3 |stop{v)(.79) blade (.56)

calibrating mark (n) (.66) unit (47)
washer (.58)

13 { Procedural instructions 3.3 {check {(-635) answer (n)(-.51)

and summary

page (.62,
sure {-.56)

hefore (-.46)
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Theme 9 s a turther “measiing” cluster but with an additional “calibration™
dimennon {marh. zetod. Logically 1t woutd Imk with o tun concurent with, Themes 11
and 12 which aie Smenuchional”™ themes. one iving instructions on measuring (1), the
other mstiuctions v cahibiating (123 Again any structural relations will be seen later,

Theme 10 seems to be rying o say “Scientists do things like this™ or “We ure go-
g 1o do tangs the way saentists do”. Theme 13 is obviously one of mstructions cons
cermng the selfevaluation that occurs thioughout the unit. Tt is much more specific than
Theme 2 winch relates to the whole unit. but one would expect perhaps some structural
relationship wath Theme 2 and other quantitative themes {e.g. 9. 127)
2 Stuciure

The Crossseorrelation analy sty makes it possible to see at which stage themes

emerge and recede. and also which themes and subthenes are linked. The results of this
analvans are shown dagrammancally i Figure 20 1t can be seen from Figure 2 that there
A1e Toug dininet parts 1o the unit. Part 1 gpara. 1-225 v appears to be the most integrated of
Il the parts and contams three magor themes. 3. S, and 6. 1t begins with a two-part
mtoducton of eight paragraphs. Instructions, and the predicted linking of Themes 2 and
13, oweun i the finsd part while some hint of things 1o come occupys the second part viz.
that pupih will he “seemng™ towees {Theme 0), obseivang their effects tTheme §), moasur-
mg (Themes 708y avaluanmg (Theme 13) and detimng (Theme 4) these effects “just like
wieninty” tTheme 100 Thiy latter section acts s an “advance viganizer”™ tor the whole
core. Then tollows 4 wix paragraph block (8-13) i wineh forees are actually “seen™ e
the concept of 4 force {Theme 6, s developud. Important sub-themes here are Themes 1
and 12 where the idea of measuring forees is introduced. What a force is, leads logically to
what 4 force does and this theme tTheme §) dominates the next major paragraph block
{14-18). Questions are asked about what a force does (Theme 3). and links are niade with
what a force is (Theme 6) and a range of measuring and evaluating themes. The section
culminates in paragraph 18, where soine self-evaluation (Theme 13) concerning forces
{Theme o) ocours. Paragraphs 18-20 form a bridge between what forces do and the next
major theme. Theme 4, which 1 concerned with developing s method of defining force in
operational terms viz, detecting and measuring. Experimental activity is again present to
sume degree (Themes 11,12, 13). Part | fimshes in paragraphs 24-25 with 3 summary and
self-evaluation (Theme 13) like scientists do™ {Theme 10).

The suggestion that Themes 4. 5. and 6 should logically have some structural re-
lationship have in fact oceurred. At the end of Part 1 there is a definite hiztus suggesting
perhaps that a new sequence of events is about to occur.

This new sequence does, in fact, eventuate in Part 2 where, generally speaking,
there is change from measuring and detecting to calibrating. One weuld expect, with this
more quantitative approach. a need for greater precision and this is reflected by a strength-
enmng of the evaluation strand (Theme 13). and more iastructions on experimenting -
assembling apparatus { Theme 9), preparing for ang valibiating {Themes 8. 12) and record-
ing and examining dati. (Theme 11). Some of the carlier domirant themes have all but
disappeared  the “detection™ (Them 4) and “examples™ (Theme 6) job being virtually
fimshed. They frave laid the toundations for the more ditficult calibrating themes that
donunate this section.
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Part D abo has a two part indsoducnon but of sy paragraphs only. (26-31). The
1i1st Tour et the stage™ tor the whale of Part 2 when questions are posed {Theme 3)and
there i preparation for expermentation {Themes 1,911 The remaining two paragraphs
yemind pupbs about how to ase then record booklets for this new quantitative experiment-
ston tTheme 2y dn paragraphs 31330 the ettects of Towces (Theme S)are in fact measured
quantitatively ( Themes 10 1) and some nt of cabbration oceurs {Themes 12, 13). vhe
remainder of Part 2 120359 1s devored completely o this calibiation. The predicted
stuctural relattomben of Themes 9,12 and 13 1+ developed as all three strands strengthen,
unn! with the assitance of Theme 8 ipara. 323 the linkages oveur near the end of Part 2
(33951 Theme 13 alwo acts a3 means of summanzing and giving turther instructions.

Pt 3 s aimest devord of strderure apart from an eardy attempt to prepare Yor
turther saentitic expoienentaiong {Themes 8, 9100 11 the analy s iy valid, one could
suggest that there seems to be hinde of consequence vecuning s far as the development of
the convept of 1totee teooncerned. An examination of the content {ASEP: 197 2a: 20-22)
Jrows That 1 s sicadimg wath UGood Standards 1or Measurement™ and s attempting to
Jevelop the Sonceet ot standand, leading eventaully 1o the newton, The only possibly dis-
urhing teatary o the tadure of this “standards” theme (Possibly Theme 77) 1o emerge i
that 1 s tequarad Tor the nentsection, Pat 3. Part 3 (539-79) dves not seem 1o be as highly
mitcprated as Parts 1and 2 apart trom aostracnanadhy complex mtroduc oy 160-04). The
general themes ae st those of calibrating and evaluatmg (Themes 9, 12,13 but including
avwell Theme 7. on which “new ton” Toads faghly 1 700 suggesting comparisen with a
standard.

The introduction Lays the base for this standardization but the aitempt does not
seen to succeed. (probably due 1o the lack of support from Part 3) as evidenced by the
mddie section (03-73 ) wineh is rather dijomied. The first part (63-70) attempts to carry
out the standardization. while the second part (71-76) attempts 1w extend the new ideas
“uppose Vou wanted 1o measure soraething heavier than one newton” {ASEP: 1972a:27).
The remainder of Part 3 (77-79) contains a core self-evaluation test and instructions on how
to proceed onto the options (Themes 20 13). There seems to be no evidenee of any attempt
to summanze the whole core,

The “ideal”™ or “essence’” of the structure cai be achieved as indicated in an earl-
jer paper (Carss. 1973). The “essential structure™ is shown in Figure 2A which shows that
the themes divide themselves into two interinked chains — qualitative and quantitative.
The muam aspects of structure that emerge are that

(a) Themes 5. 6.9 and 11 are the important “pivotal™ elements or
“erowing poants” of the structure:

(b) Themes 1.3 and 12 are terminal themes:
{v)  The concepts present in the structure van be obtained by

tracing the numerous pathways e.g. 2-13-3-5-6-10;
9-13-4-5n-1 el
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“ESSENTIAL STRUCTURE"

DESCRIPTIVE
ELEMENTS
{(QUALITATIVE)

MEASURING,
CALIBRATING
ELEMENTS
(QUANTITATIVE)

FIGURE 2A
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X Relationship of Thematic Elements and Structure to Stated Objectives

To determine how well the core has the potential to achieve the expected out-
Cullies, 4 compatisun can be made between the content and logic implied in the thematic
clements and then stiuctuae, and the statement of expected knowledge outvomes.

Expected Knowledge Outcomes {KO) of the Core {ASEP; 1972bwvi)

K01 The first activities are designed to allow the students to visualize unseen forces
by observing .newr effects. The students are shown that forees cause ubservable
reactinmy. Forees cause vbjects to:

1.1 Change shape. 1.3 Slow down or speed up.
1.2 Start or stop moving. 1.4 Change direction.

Ko.2 A saentist gives a deseription {or definition) of a thing by answering two
quostions.,

> 1 How can 1 tell it 1 have some ot this?

20 How can 1 ell how much of it Lhave?

K03 You can tell how much torce you have by the amount that it changes the shape
ot something, ’

K04 It is necessary to have a calibrated scale to measure something.
K05 {t is important to have standards of measurement.
K.0.6 When forces cause certan objects to chaige shape these objects do not return

to their criginal shape. This characteristic makes them less useful than others
as force measurers.

KO0.7 Weight is one kind of force.

K08 An instrument must be zeroed beture making a measurement.

K.09 The newton is the standard umt of force.

K.0.10 An instrument can be calibrated against a standard instrumnent.

K.0.11 The range of an instrument can be extended by chaning its sensitivity.
K.0.12 A force measurer can be used to measure forces other than weight.

K.0.13 Knowledge that a standard must be plentiful, of suitable size. easily duplicated,
agreed on by everyone.
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A companson of themate elements and knowledge outcomes is shown n Table 2,
and suggests that the maonty of expected outcomes are represented to varying degrees.
However . some enther do not occur (K.0.13) or are only weakly represented (K.O's §.6.7,
9 0. 111 OF the latter. KOs 6. 7 seem highly specific in that they waould probably need
onhy 1o oceut onee The remander, along with K.O.13 torm a “standards™ cluster. Ex-
smmation of the content show that the development of the voncept of the standard newton
and calibration of mstruments of varying ranges against this standard is the responsibility of
Parts X and 34 of the core. 10 an these areas that the material is most poorly structured.

The broad amm ot this ASEP umit is
B o allow the students, through his own investigations, to arnve
At an undenstanding of concept of a force. In the process, the student
builds 4 force-measurer and calibrates a scale in newton units ... . In
addinon. the student activities are designed to develop a scientific
approach to problem solving, the gathenng of data for interpretation
aid the presentanon of data.”™ (ASEP: 1972b:i)

and the anaby sis suggests that the content has the potential to do this up to a point. The
analvais also shrows that the content seems to be aimed at the correct cognitive readiness
fevel of students. Ausubel. workimg within a Pugetian framework suggests that

.1t would appear that, {in the concrete operational stage). given
only the stimulus support provided by concrete images of examplars
of cnitenal images, the child would be able mentally to construct a
representative image embodying the meaning of the concept.”

{Ausubel and Robinson: 1969:185).

and the igh emphasis on “doing™ and “sceing”™ would help to achieve this.
Questions that the curnculum developers may now ask, however, are:

(1) Do themes emerge and tade at appropriate times? The non-emergence of a
“standards’ theme at the appropriate time {i.¢. paragraphs 48-58) may be a cause for con-
cern.

i) Is there any “dead woud™ oi poorly structured material present that may be
interfering with the developrient of a theme or the concept as a whole e.g. in paragraphs
48-58,65-75?

(iii) Is there any need to “tighten up™ the structure of the latter sections which
are not as well integrated as the carly sections.

The inadequacies of the core highlighted by this analysis of the content. may be
overcome by a revision of Parts 3 and 4.

O
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The revised Curriculum {C R)
). Theoretical Basis of the Revision

Bruner {1906 18), in discussing curricula construc tion, regards one of the myyor
problems as being

I how to have basic subjects rewritten and their teaching materials
revamped in such 3 way that the pervading and powertul ideas and
attitudes relating to them are given a central role.”

Some learning theorists have delved deeply into this idea that the strctire of the
matenal presented to learners s of the utmost importance, the best known perhaps being
Ausubel who says, for example. that

.. the major implication tor teaching is that control over the accuracy.
clarity, longevity in memory and transterability of a given body of
Knowledge can be most effecnively exercised by attempting to intluence
the crucial variables of cognmitne structure - - e.g. by employing suitable
programumatic principles of ordering the subject matter and constructing
s internal fogwe and orgamzanon.” (1964:168)

Hin wdeas of “advance organizers” ete. are well documented (Ausubel: 1960. 1963)
atd have been used successtully in science education research (see for example. reviews by
Kuhn, 1972y and Novak ez af (1971).

Bruner (1964.309) suggests that the structure of any domain of knowledge may
be characterized in three ways. cach effecting the ability of any learner to master it,  the
mode of presentation, its economy and its eftective power. Figure 2 and the subsequent
discussion suggest that some of these conditions  particulany the last two  may not be
present as much as they could be. What seems to be required is some restruc uring and
rewriting of Parts 3 and 4 (or slightly before ), with emphasis being given to economy (no
“dead wood ™) and etfectiveness (potential to achieve objectives) without loss of appropriate
level of ditficulty | readability, visual impuact ete. (mode of presentation). The Ausubelian
wdeas of “advance organizers”, Vintegrative reconciliation” ete. may act as theoretical guides
tor the rewnung. This new version can then be reanalysed by content analysis to see if the
rewnting has been successful in overcoming the apparent deficits of the original content.

2. The Revised Curriculum

Paragraphs 46 to 79 were rewritten and reduced by three paragraphs. The source
of the onginal ASEP material proved to be most useful here i.e. **Probing the Natural
World. Vol 17 (iISCS:1970). This reduction vecurred in Part 3 where most of the “*dead
wood™ seemed to be. An example of the rewritten material is as follows:
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ORIGINAL CURRICULUM (< )

“Pushes amd Pulis™ $19720.20)

Para. 37 (Retons o Fagare 2)

By now you hnow that your “washeis”
card 1 ditterent from the vards of some
of your neighbours. You may have
even guessed why . Although they looked
the same the piies of washers i each
mie weighed the same but those n
ditterent pres had ditferent weights,
You can check tias by “teehing’ the
weight of a pale o cach colour.

This s whny vou and many of your
Classmates got ditterent results when
you weighed the simher.

3N

The scales made with ditferent washers
will not be the same. They ditter
hecause memb 21y of your class used
ditferent standards? to make their
scales  Hf evesyone had used washers
that weighed he same. the marks on
all cards would have been in the sume
place (the scales would be the same).

IRB|

REVISED CURRICULUM (© )

47R

By now you know that your ““washers”™ card
1s different from the cards of some of your
neighbours. You may even have guessed
why. Go back and think about how you
made the scales on your “washers"” card.
You made a mark cach time a washer was
added to the cup. Anything (such asa
washer) that is used 10 make a scale is

called a svendara.

ISR

Now compare vour scale with the scale of
your classmates. 1t the “washer units™ on
vour scale are not the same, 1t acans you
must have used ditferent standards to make
them. Thus, the washers of ditferent
colours must have different weights. You
can check this by “feeling the weight” of a
pile of each colour. This is why you and
many of your classmates got different
results when you weighed the sinker.
Q.23. How would all members of your
class be able to produce the same scales??

1. Integrative reconciliation (Ausubel: 1963:80-1).

J. In (‘0\ this is the 1irst mention of the word “standard”™. There would seem to be a
need to introduce this earlier to avoid confusion between “standard™ and *'scale™.
This is done in € by means of a definition  an “expository organizer .
{Ausubel: 1960).

3. Topromote problem solving and test understanding of the section.

The new core (paragraphs 1-45 of the original core and the revised paragraphs 46-76).
was then analvsed as betore. The resultant thematic elements are shown in Table 3 and
the structure of paragraphs 46-76 1s shown in Figure 3.

O
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TABLE 3
THEMATIC ELEMENT !%VS\R WORDS IN THEMATIC ELEMENT {LOADINGS)
1 { Introductory remarks on S0 Jeentimene ((92) amount {51)
the phenomena of stretch (92) metre-rule (49)
measurement rubber-band (81) mark () {.40)
graph {.69) pull (M{.32)
show {v){.64) need {(30)

2 { Oudline of the unit 19 Joption{(-92) recurd-bouok (-.60)
core (-.83) amswer (-.51)
test {n) (-R0) cach {-.50)
book (-.71)

3 ] Posing questions 5.0 | rubber-ball (94 table {.83)
suppuose (V1) question {.73)
happen {.86)

4 1 Detination i operational 3.7 | detinition (.81) measure ((51)

ternn how {.67) uy {.50)
detect {.035) onldy (42)
el (02)
5 1 Companve eifects of 4.2 | shape (.76) much {.06)
change of stawe act {.75) know {.59)
change (.74) torce (1) (.82)

o | Concept of a force 4.2 |see (.73) measure {(v) {(.49)
push (n) {.70) something (.49)
pull (n) {.68) length (.44)
way (.606) word (43)
find (.53)

7 1 Senmitivaty of measuring 4.9 | tenth (.86) unit (.57)

nstruments weigh (.76) sinker (.51)
new.on {(.71) do (. 43)
weight {.68) try ((41)
small {.60)

8 | Preparation for calibration | 3.2 {collect (-.73) before (-.57)
large (-.71) blade (-.41)
sure {-.62)

9 | Assembling apparatus and 3.7 {zero (-.75) mark (-.52)

developing a standard scale force-measurer (-.56) paper-hook (-.45)
‘ card (-.54) now {(-.41)

10 | Model of a scientist and 3.2 | scientist {.82) many (.48)
his methodology like ((77) give (47)

word (.59)

11 { Instruction on performing 3.5 | time (-.66) amount (-.53)
eaperiments. recording and add (-.62) same (-.48)
examining data each (-.60) sinker (-.41)

12 | Instructions on 3.1 {stop(-.77) move (-.41)
calibrating mark (n)(-.63) blade (-.41)

washer (-.53)

13 { Procedural instructions 3.7 | different (.78) answer {n) {.60)
and summary check {v){.76) answer {(v){.52)

page (.71)

14 | Characteristics of a goud 4.2 | standard (.84) make ( 47)
standard measurement (. 82) choose (.40)

gooud (.76) all (43)
object (n) (.48)
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3. Thematic E'ements

A nmght he expected. there was a redistribution of variance and changes in the
Toadings o1 words but the order of the original thematic clements has been maintained in
Lable 3 1o allow easy companson. As might also be expected, there was a large degree of
conespondence bemween the two sets of themes. There were however. four significant
changes. Farstly L and perhaps most mmportanty. 3 vompletely new thematic clement emerg
od (Theme 194)v12. chatacterstios of 2 goud standard. This theme should have emerged in
Part 3 of the onginal curnculum. 1t should appear in this 1egion in the structure of the
revised curnculum. Secondly. Theme 7 was strengthened by the inclusion of words such
a8 “tenth” and “unit” and can now be regarded with greater confidence as a “sensitivity”
theme  Tharddy o simlar tashion, Theme 1 s now s much more poweriul experimental
stiuctons theme as 4 tesult ot the mclusion of more relevant words such as “each™.
camount”. Usame” ete. Finally, the 1ole of Theme 8 was claritied as being one that re-
presents preparation for a cahibranng activity.

3 Structure

Since Parts 1and 2 ot the onginal core were not rewntten, thuir structure can be
regarded as 1emaming the same. Figure 3 wmmediately suggests two significant differences
when compared to the cnncapunjmg wotions of Frgure 20 Finstly. the rewntten section
has much more structure and secondly, s more ntegrated 1o the point where it can be re-
parded s vne section (Port IR Htconsist of a series of sub-sections that either overlap

o1 are connevied by Chadgng” themes. The exception to this integration may be para-
graphs 73-76 winch actas g core summary.

Two structures Jominate Part 3R the new theme (Theme 14) which binds the
carly sub \ections together and paragraphs 66-70 where the allimportant standardization
occuts. These aspects were either missing o1 only weakly represented in the original core.
Theme 14 develops over paragraphs 47-56 and during this development, the need fora
standard 1s ted 10 the measuring and calibrating skills developed in Parts 1 and 2 and re-
mtroduced here as @ prelimimary to the development of the standard unit of force after
Theme 14 recedes. In the tinst sub-section {36-51) experimental instructions {Theme 11)
on detecting and measuring (Theme 4) and calibrating (Theme 12) forces are reintroduced
with. however. a new aim  the development of a standard. Experimental instructions
{52-53)act as a bndge to the second sub-section (53-57)and an overlapping third sub-
section (50-62)where calibration (Themes 8. 12). now using 3 standard scale, leads to the
emergence of the standard umit of force the newton (Theme 7.59-61).

Theme 14 then acts as a bridge to the last major sub-section of Part 3R (62-70)
where the standard newton is then used to measure small and large forces. This can be
~dicted from the dominance of paragraphs 66-70 by the now strengthened sensitivity
theme (Theme 71and the presence of experimental and evaluation themes (Themes 11, 13:
67-68: Theme 8: 68-70).

The final section (72-76) summarizes what has occurred throughout the core, as
ev-denced by the presence of most of the thematic clements. as well as giving instructions
as to how to proceed wath the options in 3 scientific way (Themes 10, 13). This “"tying
together”™ was lacking in the ongimal core.
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S Conclusion

1t now seents that “on paper” the revised version of the core (C) has muore
postential than € toachieve the wated objectives of the curriculum writers. The new th
Theme 19 and the strengthened Themes 7 and 1, along wath the improved structure ot the
Jatter sectons should overcome the imadequacies of the onginal core. One method of check-
g on s would be to compare the effects uf buth versons on pupils “in e field”. Be-
fore reporting on the field il it should be noted that € 1s by no means the “best”
posmible version of the dore. U wxelf could vasily be subjected to further rewriting and
content analyss any number ol imes ¢.g. para. 62-66 may well need turther revision.

Field Trial
1 Organization and Samuvie

Dunng 1973 saence teachens ander Mr. S, Mackenzie at Wavell State High School
m Binbane changed the normal Grade 8 ifinst secondary year) science program 10 one of
eght ASEP umits. 1tour to be done per semester. “Pushes and Pulls”™ was one of the first
semester anits Due o school orgamizational “problems™ (see Clarke: 1973a) eight class
groaps (Tour groups of two) were chosen from an available twelve to act as the sample. The
groups were chusen toavond groups wath umque characteristics, to minimize the teacher
varable and to provide an vpportumty for rephcations. The seqaunce of groups is shown
n Tuble 4.

TABLE 4
SEQUENCE

GROUP TEACHER 29“ SJB Zid 2]]’5
10 1o to 1o

23 30/3 4/5 15/6
1 8A7 Mrs. A p - - -
RAY Mrs. A P - - -
2 8A3 Mis. B - P - -
BAS Mrs. B - P - -
3 8A2 M. C - - P -
8A4 M. C - - P -
4 BA6 Mr. D - - - P
8A10 Mr. D - - - P

»P" . Pushes and Pulls == o Other ASEP units.
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2. instruments

1a)  ASEP booklets.

In preparing the mate wls. an attempt was made 1o mamtain the “ASEP aimos.
phere’” by having individual core and 1ecord booklets and by miaking the revised vession
very sumlar in appearance to the onginal version v, the same dlustrations in mach the
same position. There were, however, somie deviations trom the normal ASEP format vz
booklets were reproduced m fooheap form and 4 spectal separate “Check Your Answers™
sheet was prepared o replace the “Tum o pol 19 and check your answensy™ type ofan-
struction. The core bookiet. record booklet and “Check Your Answers™ sheet for vach
version had a consntent colour difference.

th)  Pre. and Postetests.

Short ubjective pre- and post-tests were produced by the author. Each test con-
tmed tvo dninet subsests  one substest contamed questions related 1o the section of
the core not revised (para. 110 43) and the other subtest contamed guestions related 1o
the section of the core that was revised (para. 40-79) Derails of the construction of these
Questions. i particular their ~elation 1o relevant KOS are available elsewhere (Clarke.
19733). Rehabibty measures. however. are not yet avatlable.

b

3. Methodoiogy and Design

Teachers were given verbal and written instructions {sce Clarke, 19734) und dur-
myg the fint “Pushes and Pulls™ meeting, administered the pre-test, randomly assigned pupils
10 control {onginal ASEP core) and experimental (revised ASEP core) groups. distributed
the booklets and introduced the pupils to the “hardware™ they would be handling durning
the unit ¢ g. force-measurers, sinkers ete. The distrioution of the sample 1o this point of
time. is shown in Table 5. The onginal sample has been reduced by 29 so far, due to pupils
not completing both pre and post-tests, not having a school record card, transferring to
another school ete. Table S shows the reduced fgures.

TABLE §
Group 1 2 3 4
Teacher A B C D
Control 27 27 34 .
Experimental 35 28 23 .
Total 62 55 57 .

* Unavailable at this time.

As each individual finished the core (3-5 forty minute periods) they completed the

Q post-test. The pupils were then issued with the “real”™ ASEP bocks and allowed 1o proceed
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onto the oprions Thas pre test post-iest, vontiol group dewign, with random assignment of
mdividuals 1o expenimental and control groups, 1s regarded by Campbell and Stanley (1967:
18330y 2 true expenmental desgn.

Teachers and pupibs were asked 1o ndicate problem areas throughout the core by
teachers heeping a hist of pupal questions that related specifically w understanding of the
content ot the vore. and by pupils marking sentences or paragraphs they had difficulty in
understandig. This techmque  teacher and pupil reports s the most common format-
we evaluation technique {Lockhard, 1968) but is regarded by reviewers of curriculum
evaluation research (Clarke. 1973b: Lovkhard, 1968; Welch, 1969) as being of questionable
Use 1ot 4 number of teasons ¢.g. the feedback is not suitable to allow changes to be made
m the matenals. A prehmnary analysis of the feedback has already shown the advantage
of content analysis A control group pupil’s question “Why do we have to change the
hackaaw blades”™ reflects confusion concerning sensitivity. Content analysis of the original
core could have predicted such confusion. However, in many cases 1t seems that teachers
and pupils ate Just ton busy n the ASEP classroom 10 provide feedback. There may be a
nved 1o provide teachers and pupils with some structure and system within which they
could provide usable feedback. or to get the feedback independently of them e g. video-
tape.

3.  Resulits and Discussion

Scores obtained in the four sub-tests were analysed using a stepwise discriminant
analysis. Results are shown in Table 6.

TABLE 6
GROUP Y GROUP 2 CAOUP 3 TOTAL
F df F af F df F daf
Pre-test  sub-test | 2281 ol - - 1631 52 2011 172
sub-test 2 1231 59 0.1 51 218 | 53 - -
Post-test  sub-test | 164 60 | 0.28 52 | 3.10] 54 2951173
sub-test 2 {**3.77] 62 | 040 53 |*3.13] 55 *550 | 174

- nsufficient for computation
* significant at 0.05 level.
*+ F = 399 is significant at 0.05 level.

A significan® difference between control and experimental groups was found with
group 3 and the total sample. while group | approached significance, the one discriminator
in each case being Post-Test sub-te 2 the set of questions related to the rewritten para-
graphs. Group 2 differences were not significant but again, the same sub-test discriminated
most. 1t seems that some of the “instructional evaluation interference™ metnioned at the
beginning of this paper may account for group 2 results The pupils in this group took
nearly three times as long to complete the core as did those in groups 1and 3. (i0-12
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penoads ¢ 1o penods) Over this entended penod one could see periuaps an inaicase of
teacher mtluence at the “expense”™ of the textintluence.

AL thas early stage of data analysis, the results are very encouragimg but can only
heacvepted with optimntic caunon. What has y ot to be done as to estabhish beyond wason-
able doubtl the reason tor the sigmiticant difterence. Hopetully | it will he just the tewy
matenal but other vanables may explan the ditterence e sex. miehigence. verbal ahiines

¢ Measures of general scholastic aptitade tntelligence ). word hnowledge and reading
cosaprehension are avarlable from the resulls of g standardized test batteny adminntered to
4 Queensiand state pamary schools late in ther Grade 7 year and mulniegression analy sis
should wolate the disenmmmating vanable.

Other contemplated analy sis will be lookang 1o imdividual queeszzony (as opposed
tosubegests) that disenimimate berween the control and expernimentad groups, a more detad
ed exnammnation of the reacher and pupil “teedback ™ ook at the etfect of the tme aken
Yo complete the coresand a look tor any “ASEP tamhanny 7 ettect that may emerge m the
Larer groups asa rasat of thew exposure w other umts betore “Pushes and Pullv'

Summary and Conclusion

Wit has been reported here s an objective, pre-inal formanve evaluation of the
core of an ASFP umit designed to show s potenni2lin terms of themes and sttucture, a
revision on the basts cogminve-1ield earsang theory of those sections of the core shown by
the analy sy 1o be possibly deticient, and an ongomng field-tnal of the original and revised

VOTOS.

The fieldstinal resudis. though ondy tentanve, have demonstrated the ase of the
Carss (197.3) content analy sis techmigue as it may be applied to formative curnculum evalu-
anon since it supphes =L the diggnosoe analysis whach is at the heart of formative
evaluation™ (Baumgart. 1972.9). The technigue produces, prior 10 field-tnals, usable in-
formanon with respect to the potential mherant in the text, showing for example where
structure 1s poor or where there isirrelevant o1 too much information. The technique also
allowy tecdback trom field-trilds to be used maore constructively since general statements or
questions, hitherto of httde use i giving writers directions for revision, can be linked to
themes. the content and disttibution of which are available.

The use of this technigue for the analysis of the manitest content of communic-
auon-written or verbal  seems unlimited. The analysis of the teacher and pupils verbal
communications in parallel with the textual analysis, and the analysis of “expert’ ideas
on “what 1s science? to obtain the “essence™ of science are but two. The technique itself
needs turther refinement and this refinement and possible uses offer an interesting challenge
tor future research.
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REFLECTIONS ON THE SOCIAL CONTENT OF SCIENCE
EDUCATION MATERIALS

Perer J. Fensham

This paper 1 a reflection on the findings ot a research investigation rather than the
mvestigation 1selt. Ttvould be rewntien i a more traditional torm which would suggest
that 4 deliberate plan und design had laid out the procedures. In the complex fields of a
soctal saience ke education. 1t s, of course. important to keep such planning and design
m mund but s dangers need also o be remembered. In the physical sciences, good design
i usually a much simpler matter and canetully planned studies can be carried out. How-
ever. many of the mamprngs for the more important findings and lines of advance come
from the unplanned by -products of carlier investigations, or veally critical appraisals of
the restnicted thinking that is inevitably associated with a tight design.

The planned ~study in this case was the development of methods of content anal-
ysis for use with the materials of vanous science curnvula. The content was to be analysed
for vanous socd dimenstons. There has been a growing interest since 1968, the year of
the Damnton Report, w the sovial relevance of science education.

Twa soctdl aspects uf science led to the first two dimensions.

The first 1s the sovial nature of science itself. Pragmatically, this is mentioned by
the Dainton Committee when it says that students should study science because itis one
of the great achievements of humanity and so often provides examples of the best of man’s
creativity and inventiveness. The theoretical base for this social dimension of science comes
from the work of Storer=. Merton® and other sociologists of science. They argue that
science and scientists form a social sy stem with its own value system and special means of
communication that transcend national and cultural boundaries. In science education it
may be that some of these aspects of scientific work could be appreciated and learnt.
Several primary level courses have emphasised this point?. The presence of this dimension
in the materials of 3 course could take many forms. Among these would be case studies
of sciennists and of the exchanges between them that led to the development, and reput-
ation of experimental results, conc~pts and theories. Exercises that require tHfe pooling of
data would be emphasised and teachers, texts and data tables as sources would be re-
peatedly refated to the energies and work of past and contemporary scientists. The con-
tributions of the technicians who he behind apparatus and instruments would be made
explicit.

The second social dimension is also to be found in the Dainton Committee’s
critique of the teaching of science in English secondary schools. It is the application of
scientific knowledge in society  technology and all its implications. Examples of past
and contemporary application of science, and of how scientists were set on the track of
many of their discoveries from real life situations. would be evidence of this dimension
in the matenals of a course.

The third dimension is derived from the second one  the interaction of scien-
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nfic knowledge wath society 1t essentally a set of wdeological positions that has beconwe
maaningtul m relation 1o the curnculum ot formal education since the yewr of the Damton
Report. 1tas hard, only five years later, to believe that such a major repoit on saence
education could be wiitten without 1the phiase “social responsibility ot science™ being

used  The environmental issue. the 1e of SRS groups in many countries and the counter-
culture movements in these mtenvenmg Y ears, have made us awaie that there can be ditter
iy wdeologicdl posttions about the wteraction of science with society. The Dainton Report
came At the end of an era when the extablished view of seience and of saence education was
that "1t was goud, meet and vight so todo’s Tris now recognised that, as well as the posttien
that sees applied science as problem solving for society, there s 3 position that sees it as
creatmg problems. In other words, saence iy viewed as a source tor the improvement of the
quality vt social hife vr for s detenoration. Both posttions can also be held at once and
such an ambnvalent view of apphied sctence 1 now mereasingly the nom. As soon as 3
iedicinal breakthrough 1s announced. the question of its side eftects are raned, ew.

Procedures and results

The procedures for making the content analysis on thesg three dimensions have
been deseribed m detad elsewhere®. The first two dimensions are tinally scored on the five
pomt saale 0. very weak, weah strong, very strong. The lastas scored with + and - depend-
g on what posiiens are mphaty ot exphatdy taken i the mcduston and discussion of
examples of sovial appheation of saience. The number of + 01 - signs signities in a crude
manner the strength ot the presentation of the ideological positions.

Table 1 shows the results of the analysis for a number of chenustry text books
that are used in conjunction with courses in Australia or elsewhere.

TABLE 1

Social content of textbooks for
sacondary chemistry courses

SOCIAL CONTENT
TEXT SOURCE Nature Application idsology
Chemntry Takes Shape | Johnson and Morrison weak strong + 4+, -
Scotland
A Modern Approach Stove and Phillips weak very +++, -~
to Chemastry Victoria, Australia strong
Chenmistry - A Stranks e al very very +
Structural View Victoria, Australia weak weak
CHEM STUDY Parry very very +
USA. weak weak
CBA U.S A weak 0 0
Chemintry Nutfield Foundation weak very +++
The Sample Scheme England strong
Chamstiy Nutfield Advanced weak strong ++ -
Science
England
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Al the books except the Hist edition of Stove and Phillips are associated with
cuniteular refonms of the substantial variety that began with the PSSC project in the late
1USQ's. This exception was the spare time work of two practising school teachers and was
a tent for a course that had known only the minor revisions that science curricula had
emoyed for most of thas century until the 1960's. Although published in 1963, after the
major overseas projects had begun 1t was unintluenced by them. It was an excellent ex-
ample of the ype of 1031 in common use betore the project era.

The data 1 Table 1 indicate a polarisation of the texts on the second dimension.
They are either “very weak™ in social applications of chemistry or “strong™ 10 “very
strong™. The score on the third dimension is, of course. affected by the result on the
second so the “weak™ texts have a positive position but largely implicitly. The others
present their positions strongly., but no examples of strong negative positions appear until
the texts of the late 1960s and 70's.

Table 2 presents the results of a similar analysis for the texts of some other science
course of this same period. The results are similar.

TABLE 2

~Social’’ content analysis of secondary science materials

Scisnce .
. Social 1deoiogical
Published Level "So.:i-l" Appli cn'i on Stan co“
JSSP 1967 7-8 0 weak +
Discovery in Science 1970 7-10 0 weak +
Discovery (Revisea) 1972 7-10 weak strong +,-
Nuffield Combined 1970 7-8 0 weak
Nuffield Secondary 1971 9-11 strong very +
stiong
ASEP. (Aust) 1974 7-10 weak very +,-
strong
SCISP.(UK) 1974 9-11 very very +.-
strong strong
P.S.S.C. Physics 1959 11-12 weak very +
{U.S.A. & Victoria) weak
Nuffield 0" Physics 1966 7-11 0 weak +

JSSP, early Discovery, PSSC, and Nuffield Combined Science are examples of
~weak" social content. Nuffield Physics and revised Discovery are more like the “'strong”
group of chemistry texts and the post - 1970 ones, Nuffield Secondary Science, ASEP
and SCISP are all “'very strong™.

The procedures have now been applied by several analysts to a number of texts
and consistent scoring is obtained in relation to the defined criterion of the dimensions.
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We may theretore conclude that Austialian secondan saience i still largely
npped by peculiardy a-socual courses. since PSSC. CHEM STUDY and 1ty denvates, and
JSSP are very prominent source materials. Indeed, none vt 1hese Courses can exist
dpart from their wxtual matenals and the texts have become the course for most teachers
and students,

Discussion of the results of the analysis

The results in Tables 1 and 2 van be nterpreted ma number of ways. One
simple vonrelation is to look at the sorts of people who wrote the various *exts and deter-
maned the details of the projects of which many ot them form the basic part. If the
projects are separated into those 1n which research-oniented scientisty were prominent
and those essentially in the hands of experienced secondany weachers there is tairly good
correspondence with the “weak™ and “strong™ groups respectively. Nuftield Combined
Science. Nuttield Physics, JSSP and early Discovery seem 1o be exceptions. Combined
Science was 4 pruned amalgam of courses with more social content and in the squeeze the
straight scrennfic content won precedence. Nutftfield Physics really had a research-oriented
person since Rogers moved into academic physics atter the project.

JSSP though wnitten by teachers did draw on academic scientists and had PSSC
and Chemustry  a Structural View as reterence pomnts. Discovery was written for course
outlines which were still heavily onented towards university requirements.

However, this relationship just raises another question, Why do these two types
of persons interpret the content of school science so differently?

A closer look at some of these curriculum projects does provide part of the answer
to this more basic question. Any persons writing material tor a science course will ask
the question, What is the content of the subject I am to write for?

In the 1950's, Joel Hildebrandt, the doyen dean of Berkeley's chemistry depart-
ment answered for his subject. "Chemistry is what chemists do™. Cryptic, but profound
remarks often tend to be misinterpreted and oversimplified.

A number of the curriculum projects whose material we have considered were
influenced by the particular philosophical approach known as the Structure of Knowledge.
Allied to the slogan of Sruner® about the learner of physics being like the research phys-
icist in his laboratory. this appeared to be entirely consistent with the Hildebrandt
definition. Furthermore it provided the way to put the flesh and bones on to his chemist.
Hirst” und Phenix®. on either side of the Atlantic developed grand schema within which
the science subjects in the essentials of research type science could be credited with a
special place. Schwab? and Zacharias'® translated the schema for biology and physics and
BSCS und PSSC took shape. Less directly, but still using this view that the essential con-
tent of a science is the substance and syntax of its pure researchers. Pimentil'! and Strong'?
tashioned the two chemistry projects in the U.S.A. Nuffield Physics. Victorian Chemistry
and JSSP of all the other projects were those most closely in touch with these sources of
the structure of Knowledge.
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1t matten httde to education that other philosophers have attacked the validity
of this whole rhalosophical approach. 1ts influence has been strong in education,
parncularly v, saence and will go on bemng so.

In his recent challenging book, Whitiield has expounded the theory in a way that
will appeal to many educators and certainly extend its influence. He gives an answer to the
AU basic question secondary educators are asking aboat the curriculum of the school.
“The curriculum must theretore draw upon analyses of the nature of knowledge and the
wherent human abilines 1t develops in vrder o determine its nature, prior to analyses of

society | the learner and the learning process’.

This consequential statement Trom the structure of knowledge theory immediate-
i explains why the texts i which 1t 1 an fluence are so weak in social content. Itis
the hnowledge tor the knowledge sake that is the prionty determinant of the content in
the schuol - Ondy secondary are aspects of its relation t society, the characteristics of the
learner o1 even how learming occurs. No wonder with vast knowledge structures like the
wichves, these sevondarny features are not reached in texts of this persuasion,

Some « hemnts do do research but the great majority do not. What they dois to
apphy annting knowledge in sttuations of immediate concern to society? The structure of
Aowledge 1s not continy 1o Hildebrand s dictum, butat relates to only the minor part of
1. Retiectuons on the disonssion ot the results.

I as | have suggested. there is a clear link between the “'structure of knowledge”™
philosophy and the spate of a-social materials for science courses, what lies behind those
with a good measure of social content?

One explanation would be that their authors were not influenced by the S.0.K.
erther through ignorance of it or because they rejected it in favour of some other frame-
work for their writings. As has been pointed out above, the main authors of the “strong”
soctal tents were successiul secondary school teachers. Perh: ps we might argue their re-
sulting emphases are the natural outcome of recognising that motivation is important in
learning. Relevant. textual material may enhance the interest of the learner and experienced
teachers are hkely 1o be well aware of this.

However. this explanation is not the only one that can be advanced and the recent
debate on t ¢ social significance of chemistry suggests that what is occurring here is a
contlict of plilosophies. Just because the authors of the “social” materials for science
education do not draw on the structure of knowledge approach does not mean that they
do not have a philosophical approach to the content of their subject.

A person whose philosophy is essentially pragmatic or utilitarian is very likely
1o pereetve the content of science and its origins in a way that relates it to himself or to
wetety more hroadly. Could a Marxist write a chemistry book like CBA or a physics text
hie PSSC? The fact that East European texts for science are also, of occasions, sterile
soutally does not disprove these philosophical emphases. We would need to be sure that
the authon 1 these sovialist countries were in fact wholly integrated persons in their
pohincal philosophy and practice. Many Christian scientists are able to comgartmentalise
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then farth and daily wark alimost completely. They can and do wnte depensonalised science
while holding intensely personal, anthropomoiphie religions beliets.

However, a Chistain existentahist ke John Wien-Lewis!? sees a continuous hink
between technology and science with the tormer as the real essence of the whole area.
Simtlarly . expheitly Manast-oriented scientists Ihe Joseph Needhom!'?, Haldane 'S and
Bermal '™ m their writings repeatediy imter-related soience with ity application in society.

It the content of science education can be determined so ditterentdy due to the
vanious “philosophies of knowledge ™ held by i1ts writers, then research in saence educution
muay be hkewise attected. In other words, what sort of questions are we Jikely toask in a
wxearch sense 1t we are essentially using the stracture of knowledge as our philosophical
base? How would these be difterent, asked by persons with a utlitarian position?

Concept attainment. learming hierarchies and TOUS type investigations are con-
gruent with the tormer position and have been major interest areas in the U.S. A and
Amntralia where “structure of knowledge™ courses have been popular. Dittusion of
curnicula and Usupply and demand™ 1y pe studies have been best developed 1in the UK.
where the sarence counses have retained a higher social (and more unlitanian?) emphasis.

At iy stage i the development of research in science education. there are a
number ol reasons Tor us all to step back and cntically analyse our efforts trom time to
tme. An obvious one is the fact that much of what we do is because i1t can be done. and
not because 101 related to the most important or most basic questions. As in all fields of
research. but education and other social sciences seem particularly suscepiible, we must
not use possibility as an automatic criterion of importance. Myron Atkin'7 at the Kiel
Conterence of 1970 pointed out a second reason that relates to the likelthood that curric-
ulum evaluation becomes bounded by the terms of reference laid down by the particular
curriculum being studied. This paper, springing as it does from some findings in content
analysis. may provide yet another reason related to the philosophical frameworks from
which we work.
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CONTENT ANALYSIS CRITERIA FOR ENVIRONMENTAL EDUCATION

R.D. dLinke

1. Emvironmental Emphasiy

This mden represents a measure of explicit emphasis associated with the theme
ot anthropocentne amvionmental interaction, o the relationship between man and his
natunal thiolomed and physical) environmient. The assessment 1s based on a four-puoint
ratimy scale. as shown i the table below and is determined by the degree of recurrence, or
trequency distiibunion. ot statements which icorporate some form of explicit interaction
between man and his bhrophy sical environment. This condition excludes all moral, social,
cconomic and pohitical issues, unless related to some aspect ot the natural environment.
Thux a reference 1w population control based only on moral or social issues (example 1)
would pot he clasaitied as 3 statement ot environmental interaction, although relation to
mare practical problems texample 23 may justify positive classification. In a similar way
the disctission of economie and political issues (example 3) need not involve any 1erm of
environmental wmteraction, unless related to the production or consumption of speific
resorces fenample 43 1t should abo be emphasised that ecological issues. although con-
cerned by defimnon with the natural environment, must also be related in some way to
man, according to the cnenon of exphaot anthropocentric interaction,

EXAMPLES

1. “Infanucide allows tor selection of personal characteristics of the offspring such
as sex and physical condition. Motivating factors can be ritual or economic. In some
societies twins are considered unpropitious and vne or both may be killed. Other
societies consider them a highly favourable omen.™ (Benedict 1970: p.173)

2. “Infanticide for economic reasons seems to be closely linked with the food supply.
It occurs among peoples living in very harsh environments. in very restricted environ-
ments such as small islands, or among those living in great poverty. In such societies
it is usually female infants who are killed. and this factor is closely linked to other
aspects of the social structure.” (Benedict 1970: p.174).

3. A tugh rate of investment is a necessary condition for a strong rate of economic
growth, especially when capital-widening investment is as demanding of resources as
it1s in Australia. But a high rate of investment is not a sufficient condition for strong
growth: capital has to be directed to economic and etficient uses.” (McMahon

1972: p.295).

4. “The huge investments in the mining industry have yet to fully pay off in terms of
national growth. The same could be said of much investment in manufacturing in-
dustry in recent years., or the large development investments the Government has
undertaken  beet roads are an example.”™ (McMahon 1972: p.293).
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Frequency of Reference to Human/Environmental

interaction
Rating
0 No exvplictt interaction references.
1 Retferences rare or widely dispersed.
2 Occasional or intermitient references,
3 Consistent o1 recurrent references.

H. Qualitative Classification of Environmental Interaction

This index reflects an overall impression of explicit attitude or approach toward
the nature of human/environmental interaction, together with a measure of intensity relat-
od 1o the presentation of this position. The object of interaction is irrelevant to this index
and may either be man, some part of the biophysical environment exclusive o man, or
hoth, sinve these are 1 pracuee mexineably related. and thus the effects of interaction in
the Jong term mutually determned.

The assessment 1s based on a five-point classification scheme. as shown in the
table below. Although the qualitutive divisions are not mutually exclusive, in that 3 single
unit may present both positive (concordant or beneficial) and negative (conflicting or
detrimental) aspects of humansenvironmental inter. 11on {example 1), each of these divis-
ions is limited to a single rating of overall intensity. These ratings, however. need not be
the same. and may be used 1o reflect a differential emphasis on positive Or negative aspects
of environmental interaction. 1t should be emphasised, on the other hand, that a neutral
rating {example 2) logically precludes any additional qualitative classification. It should
also be stressed that the assessment of predominant emphasis prevents the classification of
any isolated reference to concordant or conflicting interaction, unless substantiated with
additional qualification or appropriately positioned to maximise the overall impression.

EXAMPLES

1. "D.D.T.. used with care, and at minimum doses, has successfully coutrolled in-
sects in many countries. and has usually done so without any recognisable harmful
side effects. Used in ways which we now consider unwise it has done a grest deal of
damage to wild life.” (Mellanby 1970: p.123).

2. "It is possible to treat considerable areas of woodland with D.D.T. without
necessarily causing havoe to wild life, if suitable precautions are taken. minimum
doses are used, and the operation is not too often repeated.” (Mellunby 1970:
p.124).
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Classification intennty interpretation
++ Strong Convordant or vonsilient relationship, express-
ing beneficial aspects ol human/environmental
+ Maoderate micracion.

Ne exphuoit stance on qualitative relationship, or
no expression of beneficial vr detnmental influ-

0 - . . .
enve associated with human/environmental
ntergcion.
- Muoderate Discordant or contlicting relationship, express-
ing detrimental aspects of humanenvironmental
-- Strong mieracuon,

H1. Conservational Approach

Thiy indey 1 concerned with explicit considerations of environmental conservation.
which in general 11nn refers 1o the Jong-term management and beneficial use of both
natural and artificial resources {Barwick 1971, Waght 1970). The classification of con-
servational approach, which s based on thrce independent divisions or categories defined
wn the table below, s detenmined by an overall assessment or impiession of predominant
emphasis. and imvolves no rating of degree. Thus an isolated reference to conservational
implications (example 1) would probably not produce an impression of general concern, or
positive classification, unless substantiated with addinonal information {example Dor
appropriately positioned to maximise the overall emphasis or impact.

EXAMPLES

1. *The annual harvest {of kangaroos) should not exceed the equivalent of the
natural increment. that is the number of young produced that van be expected to
reach maturity.” (Ratchifre 1970: p.5).

2. *An indusiry based on the cropping of a wild animal population which does not
accept the restraint implicit in this principle is doomed to self-destruction because
it will eat into the living resource on which it depends. and usually at a progressively
increased rate.” (Ratcliffe 1970: p.5).

Classification interpretation

Negative or anti-conservational approach, involving explicit
rejection of Jong-term vonsiderations, or denial of concern
for possible resource limitations and associated problems of
management.

Indifferent or non-conse* vational approach, involving neglect
of conservational imnplications and suggesting no explicit
reference to long-term considerations of resource limitation
Q and management.
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+ Powitive consernvanonal approach. mvolving iecognition o
poswible 1esource lmrations, and exphent omsideration 1wy
problems of fongrerm management.

IV, Emotive Intensity

Thas index mvolves a subjective assessment vt general emotive impact or miensiy.,
and 1 based on 3 tour-poant rating seale as shown in the table below. The assessment of
Smotve mrensity 1s not necessanly associated with any pasticular envivonmental reference
v theme, and should instead take general account of the frequency, pusttion and intensity
of alf emonive statements. Although influenced by 1ecurrence o repetition. ar should be
emphasised that the assessment of overall intenaty imolves more than a basic frequency
count of emotive words and phidases. since these. it taken out of context. may lose thew
ematve Impact or present d talse impresston of srong emotivnality. For example the
termy destroy L Uwape out” L and “eradieate”, although apparently synonymous. may all
he used 1 a more or ess ermotive sense. depending on the general vontext in which they
occur. Moreover, with respect to position. a single emonive statement s ikely 1o be sirong.
er mn ternns ot general impact it placed near the start of a passage rather than inserted else-
where sinvce this mmay ancrease sy mphathetically the impact of subsequent statements. and
N favt the emotive intensity of any individual statement may similarly increase the impact
ot uthen around. Thus the examples outhned m the table below are suggested only as
possible indications of appropriate rating divisions, and in this sense assume some consist-
ency of presentation style.

E motive

Ratin .
v Intensity

Example

0 None “ltis well established that pesticides present in small amounts
in water can be concentrated many-fold by aquatic organisms,
including algae, and that the degree of concentration may
thereby increase from link 10 link in the food chain.”

(World Health Organisation 1968: p.55).

1 Weak “Besides being direct threats to human health, synthetic
insecticides are among man’s most potent tools for simplify-
ing ecosystems. The increase in concentration of the most
persistent of these compounds with each upward step in a
foud chain exposes the populations least able to survive
poisoning to the highest concentrations.” (Ehrlich and
Ehrlich 1970: p.167).

2 Moderate “We are poisoning plants on land and in the sea in various
way s at un alarming rate, An estimated three thousand
che: acal compounds have been added to the atmosphere
by i1an. and we are dumping as many as half a million
puliatant substances into the oceans.” (Ehrlich and Ehrlich
1970: p.190).

3 Strong The lstory of the recent centuries has its black passages
Q
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the slaughter of the buttalo on the Western plains, the mass-
acte of the shore-birds by the market gunners, the near-
Svtermunation of the egrets tor *hewr plumage. Now, to these
and others hike them, we are adding © new chapter and a new
fnd of havoe  the direct kdling of buads, mammals, tishes,
and mdeed pracucally every torm of wildlite by chemical
inecticides indiscriminately sprayed on the land.” {(Carson
1971 pody.

V. Quantitative Emphasis

T mdey reflects the degree of 1eference to various forms of statistical inferm-
aton. The assessment is based on g tour-point rating scale, as shown i table 1 below, and
i detetnmmed by the degree of recurrence, ot frequency distnbution. of reterence to numer-
wal o1 statnhia! datd. This data may either be presented in the text, or given separately
1 ables. duagrans. graphs o1 pictorial legends. Since the index s intended to measure the
Beyquenay of reterence rather than the absolute number of figures. tables of multiple data
should be dassitied comprehensively as single examples. unless further reference is made
1o the wtormanon throughout the text. Cases of multiple reference to the same individual
iem of data should also be classitied as single examples, although an individual statement
meorporating ditferent numerical examples may justify multiple classification, General
Comparatine statements such as “more” or “less” should not be classitied as examples of
stabistical reference unless quahtied by more specific quantitative terms, although these
may include approximations. such as tractional estimates or rounded percentages.

The general raumg of quantdtative emphasis (table 1) s independent of any refer-
enve to environmental interaction. and should aceount for every instance of statistical
normation. The conditional rating. however. outlined in table 2. nvolves an assessment
of the overall proportion of reterences to statstical information which are directly or
exphatly associated with some aspect of the humna’environmental interaction theme.

This rating is nct hmited by the first, provided that the general rating is positive, since a
umt which refers mfrequently to statistical information may still have a high proportion of
environmental dat- . The only imiting condition for this index is therefore one of relevance
to the environmental theme outlined above.

(1 Generai Rating Frequency ¢f Ruisience to Statistical information
0 No reference to statistical data,
| Rare or scant reference to data.
2 Occasional or intermittent reference to data.
3 Consistent or recurrent reference to data.
(2) ::::rr‘c;nmemal Proportion of Statistical References
0 0 25%
! 25 - S0%
2 50 75%
3 75 1007
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Vi Pictorial Emphasis

Thas mdex rrilects the degied of teterence to vanous toms ot pretonal represent-
uon - The assessment s based v a fou-pomnt vating scale, as shown m table T bhelow and
ivdeterminad by the overall tfrequenay of teterence 0 photographs, drawmgs, nups. chats,
staphy and other pretonal forms, Composite pretures ot graphs shouid be clasatied as sgle
examples. unless mvolving muluple reterence i the text to ditferent aspeets of mtormation.
Ity case vach reterence should be classitied as g separate example. 1t should be emphas-
wed . perhans, that thas mdeN s imdependent of pretonal area on size, although the overall
tatimg may be mtluenced by postion o distnbution. As explamed torindex V, the general
vaning of pretonal emphasis ttable D soandependent of any reterence ' enviionmental
mterac ton . and should account tor everny mstance of pictonad sepresentabon, while the
conditional ratmg of proporoon touthned intable 2) mvoles some o of exphicit assoc-
wtton wath the human environmentahinteraction theme. Tios relanonship should eithes
be eaplamed in the text or outhned 1in the appropriate legend . and constitutes an esseitial
condinan tor envitonmental classification.

11 General Rating Frequency of Reference to Pictonal Representation
0 No reference o pictonal representation,
1 Rare o1 scant pictonal reference.
h)

2 Oceastonal or mtermittent pictonal reference.

3 Consistent or recurrent pictonal reference.
Environmental . . o
t2) Ratin Proportion of Pictorial References

g

0 0 257

1 25 50%

2 50 75%

3 75 - 1007

YII. Percnpal Inyolvement - (A) Intellectual Activities

This index reflects. for materials with an educational role, the degree of personal
or student involvement initiated through various intellectual activities. The gencral assess-
ment is based on a four-point rating scale. as shown in table 1. and is determined by the
overall frequency of reference o all intellectual activities, irrespective of environmental
relevance. These activities may include questions, directions for further reading or literary
research. written assignments involving recall or rational argument. and a range of similar
intellzc tual problems. Composite auestions or activities should be classified as single
examples. and rhetorical questions, for which answers are subsequently given in the text,
should not be included at all in this assessment. The presentation of activities in terminal
rroups. while probably justifying multiple classification. need not involve separate con-
aderation tor cach example, unless additional reference 1s made to these activities in the
text. The conditional rating (outlined in table 2) involves an assessment of the overall
proportion of intellectual activities explicitly associated with some aspect of the human/
environmental interaction theme.

Q
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th General Rating Frequency of Reference to Intellectual Activities
0 N peerence o ntelectual activines,
! Rure o1 scanteterence,
N Occantotngd o mteimitient relfaenee
3 Comsistent of icaunent referenmee

{2 Env\;ronmemal Proportion of Intellectual Activities

Rating

U 0 25
1 AN S0
N S0 7S
A BRIt

VI Personal Ilnvohement  (B) Practical Activities.

This ooden erlocts the degree of personal ol ementimtiated through practical
cronpennier s ctuhie The penenalasesmient based on a Tour-pomt rating scale. as
Joow i tabic 1w s deternnned by the overall fieguency ot reterence to all expenment-
A aonaalios e tive b emvrominental relevanee T hese achivines mst amvolve some
paen o1 phvaical poopulanen o pay chometos Rl apart from any cognitne vrtellect-
R T P AR T SEEN TR SN R IR A N LI weaticaliy oxdludaed trom
daseesiien Conmpomts cnpotntients o actmtes should be classined as sigle examples,
winle those prosertod w termunal groups,altiough probuabhy qustitving muluple classitic-
Son. need not il e separate consideration for cach acnvaty undess addinonal reference
1 made 1o these activties i the et The conditional vanmg touthned i iable 2 imvolves
A1 dssessnient vt the overdl proportion of pracncal activities exphaitdy associated with

soine et ot the haman envirenmental mtene non theme.

(1) General Rating Frequency of Reference to Practical Activities
0 No reterence to practical activities
] Rure o1 scant selerence.
2 Occasivnal or mrermittent reterence.
3 Comsistent or recurrent reference.

() ZZ:in:;nmemal Proportion of Practical Activities
0 0 257
] 25 S0
2 50 T8¢
3 75 1007
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SOME ASPECTS OF ME THODS FOR PLACING PEOPLE IN GROUPS

R T Wigee

O oondnion 1 reseal 3T may be nevessany o divde g group of people on whom
measarenients have been made mto saaller groups of more sinnfar vt hemogeneous types.
An evample s provided by Theobald s ® onegomg wesearch into the eftect of waching styles
on vaneous stident outeomes. Sinee 10 not eally posable to direct teachers to use one
sivie o anether Theobald v using a number of teacherns, and i clasifying them into one
stvle ot another The dassification imvoles making dudio-tapes of several fessons given by
each teacher toughout the years and then analy s therr behaviour by a Flanders-type
et whin b pives thenm scores on some i1y vanables. The eachers are then to be split
s thaet these whiose scores on the ity -odd vanables are sinilar are placed m the same
group  The wroups will then be compared wath wespect 1o then pupil’s scores on tests of

N oy O TOoNIes

Althourh s ample Wy that people wall be grouped on the basis of how
smlar Therr seores are on et of tests, the problem of how to go about the grouping is
more subtle than may st appear. Some of the subtleties. and two solutions, are describ-
ed braethy below Anothern imtroducton treatment of the purposes and problems of

Chintenmg Bas been gnven by Tatwuoha (1975 282089,

Measures of similarity

Frgure 1 \hows a4 hypotheteal set of scotes for three people. How can these
scores be reduced to smgle indices which will

] 2 3 4

Joh 0o -2 6 2

Person Rubert 2 3 -3 0
Dick 8§ 10 -4 4

Figure 1. Hypothetical set of scores for three people.

indicate the degree of similarity between each pair of the three? Perhaps the most obvious
is the Pyihagorean distance between them. In this example the value for the distance
between Joh and Robert is

\/‘5 (23R v 6 (AN 07 = 115

* 1 H Theohdd Uanfinhed Ph 1Y thess. Monash University.
O
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Loc wieater the dintances the dess the simlanty . Py thagorean dintance s ised as the
srnianty neaute m the grouping techmgue Anown as H group (Veldman 1967)

{1 Can abso be used m the groupimg techmgue mvented by Cattell and Conlter known o
Laovonome (Cattell and Coulter 19o0)  Cattell and Coulter argue. however. for the e
2 ad o g nanstormation o e daance mreoa smmlann measiie known s T

I
. .
R S
N WY . . N

Where Eas the expected value ot 3= for a pair of people chosen at random. b
sootes which are distiibuted nommathy with standard deviation 1.0, E is equal 1o mwice the
aedian 130 ) chisquare value tor namber of degrees of freedom equal to the number o
soores Tor each person. d o the Pythagorean distance between the pair. Tt can be seen
that whend =0.r= 1. when d = kv = 0. and when d approaches infinity . r approaches
<

A quute different similarity measure is the correlation between one persons et
ot seores and another's. This measure 1s used 1 Stephenson’s (1936) clustenng method.
and 18 also kKnown as Q technique. 1t sutfers from the disadvantage that it overlooks ditter-
crences m degree with which attnbutes are held. The correlation between Dick's and
Robetts scotes m figute s, for oxample. L0 indicating that Dick and Robertare wdenne:
al when they clearly are not.

Meaning of similarity

Once a measure of degree of similarity is selected. it must be determined what
really is meant by “sanilar™ and by “groups of similar people.”

In defining “similar™, the choice lies between definitions in continuous or
dichotomous terms. 1f similarity is seen as a continuous thing, then the measure of simil-
arity thar has been selected will do quite well as an operational definition of similarity.
However, one might want to say that there is a threshold of similarity: it two people are
closer together than this threshold value. they are counted as similar: if further apart, as
dissimilar. totally and absolutely. not as a matter of degree. Which choice is made is up to
the rescarcher. Some techniques. such as H-group. are based on a continuous definition of
similarity, while Cattell and Coulter’s Taxonome is based on a dichotomous detinition. It
will be seen that the dichotomous definition introduces a further point of arbitrariness, the
placing of the threshold between similar and dissimilar. The final form of the groups of
people is heavily dependent on just what is accepted as similar. To expand this briefly. if
oo broad a threshold is specified. everyone will be tound to fall in ¢ ae large group, while
11 too narrow a one is used no one will be found to be similar at all to anyone else.

In defining what is meant by “groups of similar people™, there is a choice betwzen
what may be called “*clumping™ and “'contiguous chains™. Consider the distribution of
people. who have been measured on two attributes, which is shown in figure 2.



1o

Neore on

x
x
vanahle 2 Q™ X x XX x X

Ncore on vanable |

Frarare 2.0 Hy pothetical dintribution of people on two vanables.
D —— ~

In a clumping scheme 1t woeuld be probable that if the people were torced into
two groups, the clusters A and C would bean one group. and Bin the other. Ina con-
teuous chamn scheme A would be in one group. and clusters B and Cin the other. Con-
sider the three people marked 1, 2, and 3. The clumping scheme would put 1 and 2
together, because they have a small separation. Person 3 would not be put with 1 or 2
because 1y tar from them. The chaming scheme would not link 1 and 2 because there is
a chasm between them, a chasm that s not brdged by a chain of “similar™ people. Person
2 i connected to 3 by acham of people. so they would be grouped together. Which
detinition one chooses is a matter tor consideration. H group is a clumping scheme,
Taxonome a contiguous cham scheme. A

Methods of forming groups

Although the distinenon between clumping and contiguous chain schemes was
outlined in the previous section, more needs 1o be said about how these procedures operate
to bring out the second type of ditference between H group and Taxonome. This is the
distinction bewween what may be called hierarchical. dendntic, or agglomerative methods
and imstantancous or singular methods.

- One torm of agglomerative method is to start with all the N people in N groups of
one person cach. Two people are then placed in a single group. so that there are now (N-2)
| wroups of one. and one group of two, a totad of (N-1) groups. This process of merging
v
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Froupaone pa ata tmeos continaed annd evarvone o one lage yroup ot N The
cutenion tor which pan ot groaps s 1o be merged s another matter of chone 1t condd be
togoin the groups with the closest centtonds. o1 1t could be to joan those whindh canse 1he
siallest additon 1o the sum of squates of scores within groups. as Hgioup does. o it
would besome othe itenon,

Other dendntie methods e possable. One could, tor example start wath eveny -
UNC AN ONE group. 5

s aroup nto two, then each of the new groups into o, and
DUPS O Ol wie a —Il¢ general charactensiie of these metheds of the
nist 1y pe ds that they provide Nosolutions, tor the people divided o 102000 0 N groups,

so o untid

In contrastomstantaneous ve singedar methods give only one grouping. In Taxon-
e, the fststepos to caleahite a samfanty matin s wineh contams values nhv‘ o
Pyrhagorean distance. o contelagon coetticient. o whatever sinlanty measure has been
sefected  Thn maton s then veplaced by a contesponding one wiich aindicates which pais
ot people come within the thieshold of silaniy Linked chams of people e then search:
od torcand Ninally specitied i terms ot their members. How many such chams there e
cannut be toretold there s no guarantee that there will be two groups. or one.or N0 The
number can be mampulated. however by altening the detimuion of the siulanty threshold.
o1 by altenng the defimtion of the strength of g bk mstead of savimg that two mutually
sentlar people constitute a hnk between two others, one can break hinks and so mcrease the
naber o1 groups by saving Hiat tor two people 1o be inked they must have at feast three.
o toar, or five mutaally simlar partners.

Summuary

The distinctions between H group and Taxonome are summarnzed in figure 3.
There are other grouping schemes, but these two were chosen to illustrate some of the
technmiques and problems in grouping people.

- .~ . — 'J - e Vi —— .
H GROUP { o j
e ‘ |
] M T
Clumping o I ' ‘
Meaning of /““.* o A {1 «TAXONOME
groups , e - J ;
. W - S
7 i .
Contiguous ! T Dichotomous
chains 94 Meaning of
! Continuous similar
| i
dendnitic singular
Procedure for forming groups
Q. Figure 3. Types of grouping scheme:.
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1 s Boen srena i That 1here ate several muoreoedess abitiany decnions o be tahken

W et Vg ouE grapig h measans o sinlanty has o be selevied  one has toadeaide
Belween 4 coenfinons i 4 dicintomoens detimiion tor smhanty aselt one has to choose
hoetween o damped and o haeed mcaming b groups 3 Jomdutie or a singular solutions
s e By nbeatad W st methiods sach as Hgroup the mam problem is where to
g Whnohi ot e roapines s the et When there are twae, thive, tour, o how many
creaps . Wk Daveneane the probloms e at what values 10 set the threshold of similarity

Caat et siihan s amdar T and how many people wie needed to constinute 3 ik be-
Meen Tao ol peeple The presence of thewe problems, while they perhaps annoy the
eseat et Whee wants quich ungruable answers, makes the process ol grouping ncher

mrerestamd more fasanatimyg thar would athemwase be the case.
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ANALYSIS OF COVARIANCE FOR COMPARISONS OF CHANGE'

Burry Mctaw

I educational and psychologicdl tesearch 1t s otien very ditficult to make vahd
COMPUTIONY of group pertormances at the end ot the expenment, because the groups used
are ~eldom equinalent betorchand The usual procedure m such vases has been to base the
comparivens on measares of change.

Techmygues Tor analyaing changes i group performance can be separated into two
wrtegonies I one category are these techmgues which compare groups on the total change
trom il to tnad status Ve, absoduze change. In the other category are those echniques
which compare groups on only that part of the fmal status which cannot be predicted from
the wnal status ¢ wapredicrable change or resadual change.

With either abvolute change or unpredictable change. the change itselt may be
calculated trom hservad scores on pretest and posttest or from estimates of frue scores.

Analvses of Absolute Change

The simplest measute of absolute change 1s the ditference between the observed
seores on the pretest and postiest. There are two precisely equivalent ways of analysing
such change scores obtamed for different groups. One way is to use an analysis of variance
{ANOVA) with the change scores as the dependent variable. The hypothesis ot no differ-
ences among the groups m the extent ot their change can then be tested with the Eratio
for the Between groups effect.

The other way iy to use a repeates measures ANOVA with the observed pretest and
postiest scores themselves serving as the dependent variables. The hypothesis of no differ-
ences among the groupsn the extent of their change can then he tested with the F-ratio for
the groups \ oceasions mteraction effect. The twe Feratios will be identical (Werts & Linn,
1971).

A major weakness in these analyses with observed scores 1s that the estimates of
change are usually quite unreliable. Real changes in status are confounded with changes due
to regression to the mean. a phenomenon arising from the unreliability of the measures.
These difficulties can be overcome to some extent by using estimates of true scores rather than
observed scores. Techniques tor deriving both simple and multiple regression estimates of
absolute true change are described by Cronbach and Furby (1970) and O'Connor (1970.
1971).

Analyses of Unpredictable Change

Scores on a postiest can be partitioned into two components — one hinearly pre-
dictable from the pretest. the other (residual) unpredictable from the pretest. Analyses of

1 SunImdry of iaues discussed m seminar at the Annual Conference of the Austrabiun Saence 1. ducatian
Revearoh Assodiation . Brishane, May 1972 Copres of a fuller version of this paper are available from
the author
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unprediviable changes may be pertonmed m two ways

One way s 1o parinon each mdimadual’s posttest soose as adesvnbed and 1o use the
anpredictable pornons as the dependent vanable moan ANOV A A more diecr way o
provided By analysis ot covanance CANCONV A wah the pesttest as dependent vanable and
the pretest as covanate In ANCOV AL the analy sis s pertormed onahe postiest adiasted
tor difterences in the pretest

These two procedutes, whide conceprually the sames are computationally ditterens,
The sum of squares hetween goups i the ANOVA wath unpredictable changs scores wall
be greater than the adjusted sum of squares between groups i ANCOV A (Cochan, 1937,
ANCOVA prosades the better test ot the hy pothess that there are no ditterences dmong
the groups i the exteni ot then unpredictable change.

Untchabihity of obsaved scores adsenely aftects analyses of unpredictable changes.
st st does those of absolute changes. Vanous provedures Tor estimating anpredictable
nue change are desenibed by Cronbach and Furby 11970). Adaptations 10 ANCOV A bused
on these estimates, are descnbed in detand m MeGaw (197 2a) and aie outhined in MeGaw
{19720y They are sammurized below.

Absolute vs Unpred’ iable Change

The choice of whethier 1o focus on absolute or unpredictable change in the compar-
hon of groups is fundamental. In the case of unpredictable change. removal from the post-
1est seore of that portion predictable from the pretestis equivalent o removing the pretest
score itself plus any component of the absolute change predictable from the pretest. In the
case of absolute change, ot course, only the pretest score itselt is removed from the postiest

SWOre.

In an expenment with groups differing inimiial status, the most appropriate way
1o 1ake comparisions of post-ex periment performance would be to remove from the post-
tost scores the effects of both differences in pretest level and differences in change predict-
able from pretest Jevel. Only those ditferences which remained would then be attributed 1o
duferences among the expenmental treatments. The best procedure, therefore, is to
analyse unpredictable change and ANCOV A provides the best means of doing this.

There are. however, some serious problems in the use of ANCOVA {or any method
of analysing unpredictable change).  The remainder of the paper describes these problems
and propusals for minimizing their effects.

Problems with Analysis of Covariance

In the ANCOV A mudel. derivations of estimates of parameter values depend upon
the assumption that the covariate is measured without error. The effect of any error in
the covanate 1s twofold. First. it increases the estimate of the within groups sum of squares
and thus gives a less powerful test of the test of significance of differences among the groups.
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Fig 1 Covatignce Adjustments Bgsed vo Qserved
any Trye Covarigle Scores

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

172

Second. 11 results man undetestimate ot the slope of the withingroups regression
e Tur postiest scotes (Y Jon pretest seores (N 11 the regression sfope 101 postiest scores
(Y on tue pretest reores (1w b the regression slape for observed scoies would be:
h = b1 o
AN M
Te whatever extent the rehabihiy o the pretestan s lesy than 1.00. the regtession slope
tor the vhsenved scores will be an underestunate of the slope mvaolving the true pretest
cootes And an s s Latter lope which i assumed to be knownan making covanange

adjustnenis

Phe oftect 0 underestunating the regression slope iy an underadpisimen o group
sieans on the positest That wothe tll ertect of difterences anong the grouns on the pres
Lot e ot temoved  This s dlustrgred i Figure T which the regression slope for tme

Vel seres v 120D that for obserted scotes soondy ol sinee the prerest rehabihoy i
o~ Had the slape Tor tiue sootes been hnowa the posttest mcans Tor both groups
Wt b e adjosted 1o I and it would have been condladed thar there was ne Jitter-

Soee Benweess the groaps on the postrest wiinch was not predictable Trom pretest diftercnees.

1w or the (IR ERLE: \!\‘}\L‘ tor ubseived seores woeuld have Pl\‘dll\\'d .%‘\i]l!\h“d pPand-
e e o T and D0 asd weahd B e ed edhie entoneons condhimion that there was an
ey dnabl direrenoe i postiastacones wihindh was aributable to dittarences e the

rcorrnental treatients

Adjustments to Analvsis of Covanance

Thete are exsentiily two approaches to the adjpustment of ANCOV A procedures to
Lane i eount b unrehabiin of the covanate. These approaches difter in the pomtat which
estimnales of population paameters aie derned. Inone. estimates of e pretest seores are
dermad and ANCOV A 18 pertormed with them. (In fact the estimates themselves need not
re derved, sitee the alpehnie consequences on the ANCOVA computanions cun be deternmin-
ed and the adueanents can be made divectly upon themoy n the other, adjpstmenis o
ANCOV A for e covanate scores can be derved and estimates of these adjustments obtain-

L‘d .

b mpical compansons iMeGaw 197, 1972h) suggest that the former approach
1y the supenor With thisapproach. tiie estinates, o true scores may be obtained from either
ample o1 muluple regression techmgues. One readily available computes program © (Hall
eral 19725 now provides at least for imple regression estumnates of true scores rather than

chaerved seotes s or the covarnate.

The effe 1+ of the adjustments to ANCOV A based on estimated true covangie scores
it alter the within groups sums of squares and products based on observed scores mn the
mannet shown in Table 1. The between groups sums of squares and products are unadrered.

S Yhe suthor has imstalted this program on the VCCompunel network in castern Ausiralag and can
proncde detals tor ats gse to anvone interestod.
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TABLE 1

Within-groups Sums of Squares and Products with
Estimates True Covariate Scores

Simple Regression Estin. te Multipie Regression Estimate
1 1
.
. o , 1w rl\ 0 dr vt
Sum ot Squares W o=y W W o= _2Y X W
1t X XX 1t 2 XX
1
Xy
Sum of Produchy W =1 W W =W
y AX XY 1) Ny

Estimates of Reliability
In the adjustiments summanzed in Table T an imporant variable i the pretest

rehabiliuyv. 1
T Xy

The most appropriate estimate tor the purpose described here 1s a test-retest re-
hability . In acase where the same testis used tor pretest and posttest. a pooled within-
groups correlation between pretest and posttest could serve as the reliability estimate.
Conclusions and Recommendations

From the empirical comparisons reported in McGaw (197 2a) the following con-
clusions and recommendations can be offered.

Identical Pretest and Posttest

1. If pretest reliability > 80 and prior differences among group means
< 1.25 times error variance. the vbserved covariate is adequate.

2. In general. simple regression estimates of true covariate scores provide
sufficiently unbiased adjustments for appropriate inferences to be made.

Non-identical Pretest and Posttest

1. Unless prior differences among group means < error variance, observed
covariate is inadequate. no matter how rehable.

2. Simple regression estimates of true covariate scores produce underadjust-
ment unless prior differences among group means < 1.25 times error
variance.

3. Ingeneral. multiple regression estimates of true scores provide sufficiently

unbiased adjustments for appropriate inferences to be made.
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